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Abstract 
A series of salts containing tetracyanoaurate(III) and various cations have been 
prepared in order to examine the nature of self-aggregation in [Au(CN)4]
-.  These results 
suggest that aurophilic interactions are not observed for Au(III), but Au-N weak 
coordinate bonds result in self-aggregation instead.  A series of isostructural 
M(H2O)4[Au(CN)4]2·4H2O (M = Mn, Fe, Co, Ni, Cu, Zn) coordination polymers have 
also been synthesized in order to examine their magnetic, gas absorption, and 
vapochromic properties, as well as their thermal stabilities.  The Cu analogue undergoes 
spontaneous partial dehydration, and the partially dehydrated compound changes colour 
upon exposure to ammonia or pyridine.  Finally, a number of coordination polymers 
containing Cu(II) and tetracyanoaurate(III) have been prepared including capping or 
bridging ligands.  The lack of aurophilic interactions in tetracyanoaurate(III) compared to 
dicyanoaurate(I) coordination polymers is a theme discussed throughout the thesis. 
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Chapter 1: Introduction 
1.1 An Introduction to Coordination Polymers 
The field of supramolecular materials chemistry remains an area of intense 
study and focus.1, 2  One of the main goals in this field is to design materials with 
specific architectures that will exhibit particular desired propeties.1-3  Indeed, a number 
of desirable properties have been achieved in this area through the discovery of 
photoactive molecules used in solar cells,4, 5 magnetic materials,6-11 luminescent 
materials,12 and highly-porous materials used for gas storage.13-21  In many cases, the 
observed properties depend strongly on the structure that a molecule adopts and the 
materials chemist investigates the relationship between structure and function.  
Controlling the molecular structure to exhibit a particular property is one of the 
paramount goals in this area of research.  In many examples of functional materials, the 
property of interest depends on the supramolecular molecular structure adopting a 
structure that is ordered and repeating.  For example, spontaneously ordering magnetic 
materials require the connection of paramagnetic molecules or atoms and porous 
materials require the formation of structure with cavities that are sufficiently large as to 
hold gas molecules.1, 19  Neither of these properties would be observed in a material 
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with discrete, isolated molecules.  Thus, many areas of materials chemistry focus on 
design and synthesis of structures that exhibit a particular property; however, this 
seemingly simple goal is challenged by the unpredictability and lack of control over 
molecular geometries and crystal packing. 
Metal oxides form highly extended, predictable structures exhibiting a range of 
properties of interest to the materials chemist.22, 23  However, they are also limiting in 
that only certain metals can be used to form metal-oxides and only certain structures 
can be adopted.  A number of researchers link metal oxide polyhedra through bridging 
ligands in order to gain additional control over the sorts of structures that can be formed 
by metal oxides; these types of materials are called metal-oxide frameworks.11-13, 15, 16, 
21, 24, 25 
 
Figure 1.1 Assembly of a metal cation (Mn+) and an appropriate bridging 
ligand (building block) can result in the formation of 1-D, 2-D, or 
3-D coordination polymers. 
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Coordination polymers improve upon metal-oxides by offering greater structural 
flexibility and allow opportunities to employ metals that may not form oxides.1  These 
materials are characterized by the strong coordinate bonds responsible for propagation 
of the polymer.  A neutral or anionic bridging ligand coordinates and connects two 
adjacent metal centres through two Lewis-basic functional groups.  This coordination 
occurs in a repetitive way and, as a result, the bridging ligand is typically referred to as 
a building block.  Examples of functional groups that are employed in coordination 
polymers include cyanides, carboxylates, amines, and pyridines.1, 13, 26  Once the metal-
ligand complex is formed, the additional functional group on the ligand allows the 
complex to coordinate to other M–L groups (Figure 1.1). 
When equivalent amounts of the ligand and metal centre are mixed, formation 
of a one-dimensional chain can result, as the M–L–M connection is propagated 
throughout the material.  Addition of a second equivalent of the building block 
molecule could act to connect the one-dimensional rods by coordinating to vacant 
coordination sites on the nodes to form a two-dimensional sheet or net.  In some 
conditions, these two-dimensional sheets can be connected further to form a three-
dimensional network.  These systems typically owe their predictability to the M–L bond 
that is formed: the metal centres generally have predictable coordination numbers and 
geometries while the coordination mode of the building blocks is typically known.  In 
this sense, the predictability of the individual components of coordination polymers 
allow a researcher to design a supramolecular structure through appropriate choices of 
building blocks and metal centres.13 
In addition to choosing the building block and metal centre, a researcher can 
exert control over the polymeric structure through the use of a mono- or multidentate 
capping ligand.1  Employment of a bidentate ligand, such as ethylenediamine (en), 
N,N,N´,N´-tetramethylethylenediamine (tmeda), or 2,2"-bipyridine (2,2´-bipy), could 
disrupt formation of a linear 1-D rod and result in the formation of a zig-zag 1-D chain 
instead (Figure 1.2a).  These capping ligands also occupy two of the vacant 
coordination sites on metal centres; this prevents formation of a 3-D structure that 
would require accessibility of all six coordination sites by bridging ligand.  Capping 
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ligands can also contribute to the supramolecular structure through the use of '-' 
interactions or hydrogen bonding.27 
Alternatively, an additional bridging ligand could be employed such that a 
coordination polymer would have two distinct bridging ligands.  This is very useful in 
porous materials, where the porosity depends on the presence of a large cavity that is 
accessible to gas molecules.  When a bridging ligand of sufficient length is employed, 
formation of a cavity is possible, as shown in Figure 1.2b.  A common challenge in this 
class of materials is that interpenetration of other networks frequently occurs.28-30 
 
Figure 1.2 (a) Addition of an ancillary ligand capable of chelating can prevent 
formation of a linear 1-D rod, instead resulting in a zig-zag chain. 
(b) Incorporation of two different bridging units can result in 
formation of a directional 2-D network. 
In addition to the potential for design in coordination polymer research to 
achieve a target property, another advantage in this field is that coordination polymer 
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synthesis is relatively simple.  Metal salts, capping ligands, and many bridging groups, 
including cyanometallate salts, are either commercially available or readily synthesized.  
Coordination polymer synthesis can often be performed in normal atmospheric 
conditions using environmentally benign solvents with low health hazards, such as 
water, methanol, or ethanol.  The need for more harmful organic and halogenated 
solvents is generally unnecessary. 
1.2 Employment of Cyanometallates in Coordination 
Polymers 
 
Figure 1.3 The weakly antibonding HOMO can act as a !-donor to two metals 
(a) while the "* LUMO allows the CN- ligand to also act as a "-
acceptor upon M-CN or M-NC bond formation (b). 
The cyanide group, CN-, has frequently been employed as a bridging ligand in 
coordination polymers.7, 10, 31-34  The negative charge is distributed nearly equally 
between the two atoms, with slightly more electron density residing on the carbon 
atom.32  Free CN- that is added to a solution containing Mx+ cations will preferentially 
form M-C bonds over M-N bonds, due to the stronger coordination of the CN- ligand 
through the carbon atom.  This electronic distribution allows both atoms to coordinate 
to metal centres through the lone pair as a strong (-donor (Figure 1.3a).35  The LUMO, 
which is an empty '* orbital, is able to strengthen both the M–C and M–L bonds 
through '-backbonding (Figure 1.3b); because of the antibonding nature of this orbital, 
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backbonding serves to weaken the C)N bond.32  The CN- ligand is high in the 
spectrochemical series and is similar to the isoelectronic CO molecule in terms of (-
bonding strength through the carbon end, while the nitrogen end is a weak field 
ligand.32  The cyanide ligand is a weaker '-acceptor than either NO+ or CO.32 
Perhaps one of the greatest advantages of the CN- ligand in coordination 
polymer research is the stability of the M–C bond that is formed upon coordination of 
CN- to a metal centre.35  Once bound, the cyanide ligand is not easily displaced except 
in very acidic conditions.32, 35  This facilitates employment of the entire cyanometallate 
as a building block, where the M´•••NC–M–CN•••M" bridges that are formed require 
coordination of the nodal metal centre through the terminal nitrogen atom of the 
cyanometallates.  Given that cyanometallates are available with such a wide range of 
coordination numbers, geometries, and charges, this strategy offers a high degree of 
synthetic control in addition to the possibility of forming coordination polymers that are 
heterobimetallic.31  Cyanometallates with coordination numbers ranging from two to 
eight are known with molecular charges ranging from being neutral to 5-.32, 35  
Incorporation of two metal centres in an alternating fashion lends properties of both 
metals to the overall material.36, 37  These advantages are not conferred by purely 
organic building blocks such as 4,4"-bipy. 
One of the best-known coordination polymers was also the first to be 
synthesized.  In 1704, the cyanometallate-based FeIII4[Fe
II(CN)6]3·14H2O was 
synthesized in Germany38 and came to be known as Prussian Blue because of its use as 
a very intense and robust dye39.  The structure of Prussian Blue was not discovered until 
much more recently, revealing a 3-D cubic network of Fe(II)-CN-Fe(III) bridges with 
Fe centres comprising the corner, nodal points of the cube (Figure 1.4).40-42  Thus, in 
this coordination polymer, the cyanide group acts as a bridging ligand.  Because fewer 
Fe(II) centres exist in the structure, 25% of the Fe(II) sites are vacant and Fe(III)-OH2 
bonds are formed in place of these sites; the remaining water molecules occupy the 
interstitial space. 
Coordination polymers that are isostructural to Prussian Blue remain a focus of 
interest, particularly for their magnetic properties.7, 33, 43-46  Prussian Blue itself orders 
ferromagnetically at 5.6 K.42  This area of research illustrates the control that can be 
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achieved in coordination polymer systems, as both the Fe(II) and Fe(III) metal centres 
were exchanged for other metals, while retaining an isostructural system, in a search for 
materials with a higher ferromagnetic ordering temperature.47  In the M3[Cr
III(CN)6]2 
(M = V(II) – Cu(II)) series of isostructural Prussian Blue coordination polymers the 
magnetic ordering temperature ranges from 16 to 315 K, with the iron(II) and 
vanadium(II) polymers having the lowest and highest ordering temperatures, 
respectively.  Currently, the material that retains this structure and has the highest 
temperature of ferrimagnetic ordering is KVII[CrIII(CN)6]·2H2O, which orders at 376 
K.45-47  Further modifications of existing Prussian Blue systems have resulted in 
polymers that exhibit vapochromic responses48 or are able to host H2 or O2 gas 
molecules49-51 within the cubic structure. 
 
Figure 1.4 The cubic structure adopted by Prussian Blue, 
Fe4[Fe(CN)6]3·14H2O and isostructural systems, with interstitial 
and Fe(III)-bound H2O molecules omitted for clarity. 
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1.3 Utilization of [Au(CN)4]
- as a building block 
1.3.1 Previous work with d10 cyanometallates 
The d10 cyanometallates, which include [Ag(CN)2]
- and [Au(CN)2]
-, have been 
particularly useful as building blocks in coordination polymer research.31, 52-57  A main 
feature of these cyanometallates is that they are linear; this offers a high degree of 
predictability in the M–NC bond and how the polymeric unit will be propagated.32, 35, 58  
When the [M(CN)2]
- anion bridges two adjacent M" metal centres, only one mode of 
coordination is possible: linear M"-NC-M-CN-M".  This is in contrast to an octahedral 
cyanometallate such as [Fe(CN)6]
3-, which could bridge two metal centres through 
either cis- or trans- pairs of nitriles, or multiple metal centres.  In this sense, a 
cyanometallate with a higher coordination number has more variability as a 
coordination polymer building block. 
The most widely-studied unit for this application has been [Ag(CN)2]
-.59, 60  In 
addition to acting as a relatively Lewis-basic ligand, the anion is also able to increase 
the dimensionality of a structure through formation of metallophilic interactions.57, 61-63  
These interactions are strong van der Waals forces that are distinguished by M-M 
distances less than the sum of their van der Waals radii.63  Although individually weak, 
collectively these interactions are able to influence the packing of the structure and can 
be used as a design tool in coordination polymers.61, 64  Despite these advantages, 
[Ag(CN)2]
- has a significant disadvantage in that the Ag-C bond is somewhat labile and 
the CN- ligand is able to dissociate in solution.  This results in the formation of 
unpredictable polymers that incorporate [Ag(CN)2]
-,65, 66 linear [Ag2(CN)3]
-,57 or even 
[Ni(CN)4]
2- in reactions where Ni(II) is present.61  An example of a material where 
formation of [Ag2(CN)3]
- occurred and Ag-Ag metallophilic interactions were observed 
was in [Cu(en)2Ag2(CN)3][Ag(CN)2], which is depicted in Figure 1.5a.
57  This structure 
shows 1-D linear rods formed by [Cu(en)2Ag2(CN)3]
+ connected by Ag-Ag interactions 
to [Ag(CN)2]
-. 
In consideration of the limitations of [Ag(CN)2]
-, a great deal of research in the 
Leznoff group has focused on utilization of the Au(I) analogue, [Au(CN)2]
-.  This 
building block features many of the same advantages as [Ag(CN)2]
-, including being a 
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strong Lewis base and the ability to form metallophilic interactions between Au 
atoms.67-69  The formation constant of [Au(CN)2]
- is 1037 while that of [Ag(CN)2]
- is 
1020.44, indicating that [Au(CN)2]
- is much more stable in solution than the Ag(I) 
analogue.35 
 
Figure 1.5 Examples of increased structural dimensionality through (a) 
argentophilic interactions in [Cu(en)2Ag2(CN)3][Ag(CN)2], where 
1-D rods are connected to form a 2-D brick-type structure57 and (b) 
through aurophilic interactions in (cyNC)Au(CN), (cy = 
cyclohexyl) which result in the formation of a 1-D rod70. 
Like Ag(I), Au(I)-containing molecules have exhibited metallophilicity, termed 
aurophilicity,67-69 that is often described as a strong van der Waals interaction.71, 72  
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Aurophilic interactions have been observed in a number of closed-shell, d10 Au(I) 
systems between cationic/anionic pairs,73, 74 neutral pairs,70, 73 cationic/cationic pairs,73 
and anionic/anionic pairs.75-77  Figure 1.5b depicts a 1-D chain of netural 
(cyNC)Au(CN) (cy = cyclohexyl) molecules forming a 1-D rod exclusively through 
aurophilic interactions.70  These interactions have been detected crystallographically in 
solid-state samples and they also tend to be intensely luminescent, which has allowed 
detection of aurophilic interactions to be performed in solution.78, 79  The strength of 
these interactions has been estimated to be in the range of 20-50 kJ mol-1, which is 
comparable to the strength of a hydrogen bond.67  Like metallophilic interactions with 
Ag(I), aurophilic interactions are able to influence the supramolecular structure of a 
coordination polymer because of their collective strength.63  Previous work has 
suggested that aurophilic interactions in [Au(CN)2]
- have a greater propensity to form 
when cations capable of participating in hydrogen bonds are present.76, 77, 80 
A large focus in the Leznoff group with using [Au(CN)2]
- has been towards 
using the aurophilic interaction as a design tool in coordination polymer research.29, 36, 
37, 52-55, 81-86  Indeed, aurophilic interactions have influenced a number of structures.87  In 
one case, the variation observed in the luminescence as a function of the Au-Au 
distance has allowed for detection of gas-phase ammonia.54 
1.3.2 Employment of d8 cyanometallates in coordination polymers 
A great deal of research has also been performed on square planar, d8 
cyanometallates, which include [Ni(CN)4]
2-, [Pd(CN)4]
2-, and [Pt(CN)4]
2-.18, 19, 88-107  
These molecules also exhibit a high degree of stability and are suitable as coordination 
polymer building blocks because of their high Lewis basicity; their ability to act as 
strong donor molecules allows coordination of other metals through all four terminal 
cyanide groups.35 
Perhaps the most famous system of coordination polymers incorporating this 
group of building blocks are the Hofmann clathrates, which were first discovered in 
1897.108  This group of polymers has the general formula Ni(NH3)2Ni(CN)4·2G, where 
G is an included guest molecule.108  This system shows some selectivity in terms of 
which guest molecule can be taken up; aromatic molecules such as benzene, pyrrole, 
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thiophene, and furan are all suitable guest molecules in this system while 
alkylbenzenes, halobenzenes, and napthalenes are not.32, 109, 110  This difference 
suggested that shape was a key determinant as to whether or not a particular molecule 
would be included in the compound.  When the crystal structure of the Hofmann 
benzene clathrate was determined, it was found to be a two-dimensional network of 
square planar Ni(II) centres coordinated by C-bound cyanide ligands and octahedral 
Ni(II) centres equatorially coordinated by four bridging, N-bound cyanide ligands and 
axially by two NH3 molecules, which is shown in Figure 1.6.
111-113  The NH3 molecules 
extend away from the plane of the 2-D sheet and form a cavity along with an adjacent 
sheet that traps the guest molecule; furthermore, spaces exist between the sheets that are 
occupied by other benzene molecules that are not encapsulated. 
 
Figure 1.6 A schematic view of the 2-D network formed in the Hofmann 
clathrate, Ni(NH3)2Ni(CN)4·2G.  The NH3 ligands found on 
adjacent networks encapsulate the aromatic guest molecules (not 
shown) while additional guest molecules occupy the pores in this 
structure. 
In these systems, a number of substitutions have been made to explore the range 
of M(NH3)2M´(CN)4·2G (M = Mn, Fe, Co, Ni, Cu, Zn, Cd; M´ = Ni, Pd, Pt) molecules 
by varying the octahedral transition metal that is involved as well as the square planar 
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cyanometallate.114, 115  A number of studies have also sought to replace the bridges 
between 2-D sheets that are formed through ammonia encapsulation of the guest 
molecule with diaminoalkanes, or other ligands able to act as pillars between 2-D 
nets.32  These ligands connect the 2-D networks formed by M[µ4-Ni(CN)4] through 
coordinate bonds, forming a 3-D network instead.19  An alternative method of 
connecting 2-D nets through bridging ligands could be to replace [Ni(CN)4]
2- with a 
cyanometallate capable of metallophilic interactions or a monoanionic cyanometallate 
so that two cyanometallates are required to balance the charge of the Ni(II) centre. 
 
Figure 1.7 (a) The crystal structure of Magnus’ Green Salt, [Pt(NH3)4][PtCl4], 
shows alternating [Pt(NH3)4]
2+ and [PtCl4]
2- ions forming a 1-D rod 
through Pt-Pt interactions.116  (b) The crystal structure of 
[Pt(terpy)Cl][Au(CN)2] also adopts a 1-D rod structure, notable for 
its metallophilic interactions between Pt(II) and Au(I) ions.117 
Like Au(I) and Ag(I), d8 Pt(II) can exhibit metallophilic interactions although in 
this case the interactions are a result of its pseudo closed-shell electronic 
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configuration.63, 118-120  Like the aurophilic interactions, stacking interactions of Pt(II) 
atoms are highly luminescent.78, 121, 122  These interactions were first observed in 
Magnus’ green salt, which is a double salt of [Pt(NH3)4][Pt(CN)4] (Figure 1.7a),
116 
although numerous other examples are seen where cationic and anionic Pt(II)-
containing molecules stack with one another in an alternating fashion.123  (Magnus’ 
salts are described in greater detail in Chapter 2.) 
Metallophilic interactions are observed between Pt(II) species as well as 
between Pt(II) and Au(I) atoms.119, 124, 125  An example of a compound exhibiting 
metallophilicity between Pt(II) and Au(I) is shown in Figure 1.7b with the structure of 
[Pt(terpy)Cl][Au(CN)2], which adopts a 1-D chain of alternating metals.
117  It is worth 
noting that both this compound as well as Magnus’ green salt both exhibit metallophilic 
interactions favoured by electrostatics.  That is, the interactions form in such a way that 
cations and anions alternate, increasing the favourability of this interactions compared 
to metal-metal chains formed exclusively by either anions or cations that must 
overcome electrostatic repulsion. 
1.4 Research Goals and Objectives 
Comparing existing studies on the properties of [Au(CN)2]
- and [Pt(CN)4]
2- as 
well as their uses in coordination polymers reveal a few similarities.  Both of these 
building blocks are capable of bridging metal centres through all of their terminal 
nitriles due to their high Lewis basicity.  Furthermore, both molecules are able to 
increase structural dimensionality of coordination polymers through the formation of 
metallophilic interactions with other molecules in the same structure. 
With these features of [Au(CN)2]
- and [Pt(CN)4]
2- in mind, an interesting 
molecule to employ as a building block in coordination polymer synthesis is square 
planar, d8 tetracyanoaurate, [Au(CN)4]
-.  The molecule is isoelectronic to [Pt(CN)4]
2- – 
the Au(III) atom shares the d8 electronic configuration of the Pt(II) atom – suggesting 
that formation of Au(III)-Au(III) interactions may be possible.  In fact, the lower 
molecular charge of [Au(CN)4]
- suggests that from a coulombic point of view, there 
may be a lower barrier to formation of Au(III)-Au(III) stacking interactions.  However, 
the molecular charge of [Au(CN)4]
- may allow for the formation of polymers that are 
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quite distinct from those seen with [M(CN)4]
2- (M = Ni, Pd, Pt) because of the 
additional stoichiometric equivalent of [Au(CN)4]
- required to balance the charge of an 
M(II) cation. 
Previously, [Au(CN)4]
- has been employed in a few heterobimetallic 
coordination polymers with Ni(II) and Cu(II) metal centres as well as with hydroxide-
bridged Cu(II) dimers.126-128  None of the previously reported compounds exhibited 
aurophilic interactions involving the Au(III) centre.  However, a systematic study has 
not been performed to investigate whether certain conditions favour the formation of an 
Au(III) aurophilic interaction.  With this in mind, Chapter 2 of this thesis will describe 
investigations into self-aggregation of [Au(CN)4]
- in the solid state.  Crystallographic 
analysis has been employed to structurally characterize a series of simple, non-
polymeric salts where [Au(CN)4]
- is the anion and the cations vary to cover a range of 
charge, aromaticity, size, and the ability to participate in hydrogen bonds.  Knowledge 
of whether self-aggregation is observed for [Au(CN)4]
- and, if so, how it is induced will 
be utilized in design of coordination polymers incorporating [Au(CN)4]
-. 
With knowledge of the self-aggregation properties of [Au(CN)4]
-, the research 
described in Chapter 3 sets out to synthesize and characterize the properties of 
coordination polymers synthesized with first row transition metals and [Au(CN)4]
- but 
free of capping ligands.  This work is inspired by a similar project using [Au(CN)2]
- as 
a building block, where the polymers formed were isostructural and had the general 
formula of M(µ-OH2)2[Au(CN)2]2 (M = Fe(II), Co(II), Ni(II), or Cu(II)).
36, 37, 85  Despite 
their structural similarities, this series of polymers exhibits very different magnetic 
properties.37, 85  Notably, the Cu(II) variant also shows a vapochromic response to a 
number of volatile organic compounds (VOCs).36 
Finally, some preliminary work is presented in Chapter 4 on attempts to prepare 
coordination polymers containing Cu(II), [Au(CN)4]
-, and either bridging or capping 
ligands.  The results are compared to previously reported [Au(CN)4]
- polymers that 
incorporate capping ligands such as ethylenediamine (en), diethylenediamine (dien), 
N,N-dimethylethylenediamine (dmeda), and 2,2"-bipyridine (2,2´-bipy) with Ni(II) and 
Cu(II).126  An outlook and perspective on the future use of [Au(CN)4]
- in coordination 
polymer research is provided in the last chapter. 
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1.5 Synthesis and Characterization of Coordination 
Polymers 
1.5.1 Coordination Polymer Synthesis 
Preparation of coordination polymers is typically straightforward and simple, as 
shown in Figure 1.8.  Specialized glassware is generally not required, as most reactions 
are performed in beakers under normal atmospheric conditions.  The solvents used most 
often in coordination polymer synthesis are water, ethanol, and methanol; these are 
relatively safe and environmentally benign compared to organic solvents typically 
employed in other types of synthetic chemistry.  One other aspect of coordination 
polymer chemistry is that the products are generally insoluble; this prevents 
characterization of coordination polymers by solution NMR or purification through 
chromatography. 
The metal salt is chosen to contain the cationic transition metal of interest, 
which are later first row transition metals in this thesis.  Generally the metal salt 
includes an anion that is detectable by FT-IR spectroscopy and is a relatively weak 
ligand so that it does not compete with the other ligands in the reaction.  In the case of 
[Au(CN)4]
-, both K+ and nBu4N
+ salts are available and are selected for based on 
solubility.  Typically, the metal centre, bridging ligand, and, if one is being used, the 
ancillary ligand are dissolved in separate beakers.  The ancillary ligand is added to the 
solution containing the aqueous metal centre to allow coordination to the metal and 
form an aqueous [MLx]
2+ complex.  At that point, the solution containing the bridging 
ligand is added to the [MLx]
2+ solution, typically in a dropwise fashion. 
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Figure 1.8 A scheme of coordination polymer synthesis. 
Once the reaction components are mixed, a product may immediately form a 
microcrystalline precipitate or the product may be sufficiently soluble as to stay in 
solution, in which case no product will be seen immediately.  If a precipitate is visible, 
it is immediately isolated by vacuum filtration and the filtrate is retained.  If the 
solution contains dissolved product, either as retained filtrate or as a reaction where no 
precipitate has formed, the solution is allowed to slowly evaporate in order to allow 
formation of crystals.  Depending on the reactants and solvent system, this process of 
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slow evaporation may take any amount of time from one day to a few months.  
Generally it is preferable to synthesize crystals of coordination polymers because this 
affords the ability to structurally characterize the material by X-ray diffraction. 
 
Figure 1.9 Alternate methods of crystallizing coordination polymers include 
use of (a) H-shaped tubes and (b) Petri dishes with a layer of agar 
with two holes made in it. 
If crystals are of low quality or cannot be prepared using this method of 
synthesis, changing the solvent system can sometimes be an effective way to favour 
formation of crystals or improve their quality.  However, alternative methods are 
available to prepare crystals of coordination polymers; generally these methods rely on 
slowing down the kinetics of the initial mixing.  One such method relies on slow 
diffusion.  The metal cation and ancillary ligand are combined in a relatively 
concentrated solution, as is the building block in a separate solution.  These two 
solutions are then added to opposite sides of an H-shaped vessel that has been pre-filled 
with the solvent system, as is shown in Figure 1.9a; the reactants are then allowed to 
diffuse slowly through the vessel and react with one another.  A similar method 
involves dissolving the reactants in miscible solvents of differing densities and carefully 
layering these solutions upon one another in a test tube.  Crystals are sometimes grown 
in Petri dishes partitioned in two by agar, where the agar slows down formation of 
precipitate so crystals can grow, as seen in Figure 1.9b.  Hydrothermal synthesis is also 
employed where the polymer precipitate is added to an ampule and sealed in water or 
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another solvent.  The sealed ampule is then added to a bomb and heated 20-80 °C above 
the solvent boiling point; at that point, the ampule is cooled over a number of days back 
to room temperature.  Using these methods, crystals that are acquired do not always 
have the same chemical composition and structure as the polycrystalline materials and 
FT-IR spectroscopy and powder X-ray diffraction can be employed to show that the 
structures are congruent.129 
1.5.2 Characterization by Elemental Analysis 
Elemental analysis is an invaluable tool in coordination polymer research and 
allows the determination of percent composition of carbon, hydrogen, and nitrogen.  
This data gives insight into the chemical composition of the polymer and indicates 
variable features of a polymer, such as the number of ancillary ligands that are 
incorporated in the structure or the degree of hydration.  When the chemical formula of 
a polymer is known through X-ray analysis, elemental analysis indicates the purity of 
the sample. 
Elemental analysis is performed by burning a sample of known mass in an 
oxygen-rich environment.  The products of this combustion reaction are directly entered 
into a gas chromatography column, where the CO2(g), H2O(g), and NOx(g) products are 
quantitatively analyzed. 
1.5.3 Characterization of Thermal Stability by Thermogravimetric 
Analysis 
Using thermogravimetric analysis (TGA) is also helpful in determining the 
chemical composition of coordination polymers.  This technique measures the mass of a 
bulk sample as the temperature is increased from room temperature to above the 
decomposition point of the sample.  By analyzing the change in mass as a function of 
temperature, decreases in mass occurring at specific temperatures can be identified and 
attributed to losses of particular species in the molecule.  This technique is particularly 
useful in determining the degree of hydration in a coordination polymer as well as the 
temperature at which water is expelled from the structure. 
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1.5.4 Characterization using infrared spectroscopy 
Using FT-IR spectroscopy to study coordination polymers is very valuable, as it 
indicates structural information about the material.  The IR data often shows whether an 
ancillary ligand is present, as this is typically the only group containing diagnostic %CH 
frequencies in cyanometallate polymers.  Additionally, transition metal salts are often 
chosen such that their counterions show a distinctive absorption in the IR region, as is 
the case for ClO4
- or NO3
- anions.  This allows detection of counterions that may be 
present as a side product or incorporated into the product itself, instead of the desired 
cyanometallate.  FT-IR spectroscopy is also very useful in comparing coordination 
polymers, as small changes in the geometry or electronics of the metal coordination 
sphere can result in shifts in the observed peaks.  This method, along with powder X-
ray diffraction, is particularly useful as one way of assessing whether crystals or 
precipitate obtained with the same reactants are structurally identical. 
Perhaps most importantly in cyanometallate coordination polymers, IR 
spectroscopy is very useful in characterizing the binding environment of the cyanide 
ligand.  The cyanide stretching frequency (%CN) occurs at 2200 to 2000 cm
-1, which is 
an area where few other functional groups absorb.130  As a result, peaks in this region 
indicate the presence of the cyanometallate and offers insight into the bonding of the 
cyanide groups in the compound. 
Upon coordination of a cyanometallate to a metal through the nitrogen atom, the 
cyano group could act as an electron donor through a !-interaction or as an electron 
acceptor through a "-interaction.32, 35  In the case of the CN- ligand acting primarily as a 
!-donor, electron density is withdrawn from the HOMO, which has a weakly 
antibonding character.  Thus, upon !-donation, the C)N bond is strengthened and the 
observed %CN frequency increases as a result.  This is the case observed for most 
transition metals. 
Occasionally, metals can donate electron density from their occupied d-orbitals 
to the empty 2p"* orbitals of the CN- through through M*NC "-backbonding.  In this 
situation, additional electron density in the antibonding "* orbital destabilizes the C)N 
bond and less energy is required for resonance of the bond.  Thus, in this situation, a 
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decreased %CN frequency is observed – i.e., the %CN frequency of a cyanometallate is 
red-shifted from the unbound frequency when it is coordinated to an electron-rich metal 
centre in a low oxidation state.  This trend has been observed for electron-rich metals 
such as Tl(I) and Pb(II) in a number of coordination polymers with [Au(CN)2]
-.82, 131 
1.5.5 Structural Characterization by X-ray Diffraction 
Determining the structure of a coordination polymer continues to be a primary 
goal in properties-oriented research.  Determining the molecular connectivity and 
overall three-dimensional architecture of a polymer can offer important insights into 
which structural features and motifs confer particular properties.  X-ray diffraction 
methods offer the best tool to determine the overall molecular structures of coordination 
polymers and are useful both with single crystals and polycrystalline samples. 
 
Figure 1.10 A single crystal is comprised of a series of aligned unit cells.  The 
unit cell is the smallest repeating arrangement of molecules. 
In a single crystal, the entire crystal consists of the same ordered, repeating 
arrangement of molecules.  The smallest repeating arrangement is called the unit cell 
and the unit cells are packed together tightly to form the crystal.  A two dimensional 
analogy would be a bathroom floor composed of patterned tiles.  The pattern could 
extend throughout the floor but the tiles themselves represent the unit cell, as they are 
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the smallest repeating arrangement.  The tiles are laid such that they are packed tightly 
with one another without any spaces so that the pattern is uniform and repetitive.  The 
unit cell is described geometrically, using the length of each edge (a, b, and c) as well 
as the angles of each corner ($, %, and &).  A depiction of the relationship between the 
molecule, unit cell, and entire single crystal is shown in Figure 1.10. 
Any number of planes can be used to divide the unit cell into Miller planes.  
These planes are described in terms of hkl, which are related to a, b, and c in the 
reciprocal sense.  Thus, a plane with hkl indices of 100 is a plane parallel to both the b 
and c axes and is repeated in the unit cells at intervals of length a, while a plane with 
hkl indices of 200 is repeated at intervals of a/2, and so on.  Because of the packing of 
unit cells, the Miller planes repeat throughout the crystal.  The Miller planes repeat at a 
fixed distance from the unit cell origin, which is described as dhkl.  In a single crystal 
diffraction experiment, monochromatic X-rays with a wavelength of ' are directed at 
the crystal and when they interact with the Miller planes at the appropriate angle (+hkl), 
diffraction occurs according to Bragg’s Law (Equation 1.1). 
! 
n " # = 2 " d
hkl
" sin $
hkl( )  (Equation 1.1) 
The experiment is performed such that the intensity of diffracted X-rays is determined 
as a function of 2#hkl.  Observance of diffraction at particular angles of 2#hkl indicates 
the unit cell parameters.  The intensity of diffraction observed is determined by the 
scattering factors existing within the plane responsible for diffraction.  Scattering is 
proportional to the square of the number of electrons in the plane, so planes that 
encompass large, heavy atoms with many electrons diffract very strongly. 
 In addition to single crystal X-ray experiments, powder X-ray diffraction 
(PXRD) can also be used to determine structural information for polycrystalline 
samples.  The limitation in this experiment is that the sample lacks repetitive packing of 
unit cells, as exists in a single crystal.  X-rays are directed at the polycrystalline sample 
at a known angle, with a known wavelength, but the orientation of the crystal is lost and 
the Miller planes are assumed to exist in all possible orientations.  In this situation, 
some X-ray diffraction peaks may overlap and resolving them is not possible.  
Furthermore, because X-ray scattering is proportional to the square of the number of 
electrons, the majority of the diffraction observed is attributable to heavier metal atoms 
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and organic moieties make a relatively insignificant contribution to the diffraction 
pattern.  These limitations make determination of crystal structures from PXRD data 
very challenging.  However, PXRD is a useful experiment for assessing and comparing 
the phase purity of different samples.  A plot of intensity as a function of 2# can also be 
predicted based on a known crystal structure, so determining whether a polycrystalline 
sample shares a structure with a known compound is possible using PXRD data. 
1.5.6 Characterization of Magnetic Properties 
The magnetic properties of a sample can be probed using a Superconducting 
Quantum Interference Device (SQUID) magnetometer.  This measurement works on 
the principle that a magnetic material that is passed through a coiled wire will induce a 
current.  In this case, an external field is applied to the polycrystalline sample, and the 
sample is oscillated within the coiled wire and the measured current indicates the 
magnetization that is observed in the sample.  The SQUID device is able to measure 
magnetization as a function of either temperature or external field. 
The information gathered from this experiment indicates whether a coordination 
polymer containing paramagnetic metal centres behaves as a simple paramagnet or if 
the metals show antiferro- or ferromagnetic coupling.  These experiments will be 
further discussed in Chapter 3, where SQUID magnetometry is employed. 
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Chapter 2: The influence of cation characteristics on 
the self-aggregation of tetracyanoaurate(III) 
2.1 Introduction 
2.1.1 Metallophilicity in d10 and d8 metals 
A number of metal cations, including Au(I), Ag(I), Cu(I), Pt(II), Rh(I), and 
Ru(0), have been recognized for their ability to form metallophilic interactions.63  In the 
case of gold, which forms aurophilic interactions, they are the strongest van der Waals 
interactions with strength on the same order of magnitude as hydrogen bonds.63, 67, 68, 71, 
72  These closed-shell interactions are detected crystallographically when the gold-gold 
distance is less than the sum of their van der Waals radii, 3.6 Å.67, 132  Research in the 
Leznoff and other groups has shown that such Au-Au bonds can influence the 
supramolecular structure adopted by dicyanoaurate(I)-containing polymers, as shown in 
Figure 2.1.36, 37, 52-54, 81, 83, 128  In addition to their influences in packing, aurophilic 
interactions can increase the dimensionality of a system; a polymer that is one-
dimensional through coordinate bonds may further propagate in one or more dimensions 
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with the aid of Au-Au bonds.37, 52, 83, 128  Compounds with these interactions also exhibit 
luminescence that is very sensitive to the gold-gold distance, which affords a convenient 
tool for monitoring structural changes.54, 78 
 
Figure 2.1 Schematic diagram of Au-Au bonding of Au(I) atoms in 
[Au(CN)2]
- anions.  When terminal cyanonitrile ligands bridge to 
other metals, Au-Au bonds can increase the dimensionality of a 
coordination polymer. 
A number of investigations have sought to determine which conditions are 
favourable for the formation of aurophilic interactions.76, 77, 80  Most notably, the Balch 
group has examined a series of simple salts incorporating the dicyanoaurate(I) anion and 
either protonated organic molecules or metal complex cations displaying a range of 
charges and shapes in order to examine whether these factors influence the propensity 
of Au-Au bond formation.76, 77, 80  While charge and shape appear to have little effect, 
the ability of the cation to act as a hydrogen bond donor seems to induce formation of 
Au-Au bonding, specifically for cations such as protonated organic heterocyclic amines 
and complex cations with metal-bound amine ligands.76, 77, 80 
Compared to a closed-shell d10 cation such as Au(I), d8 metals such as 
rhodium(I) and platinum(II) adopt a pseudo closed-shell electronic configuration in 
square planar complexes.  These metals exhibit d8-d10 metallophilic interactions in many 
complex ions; for example, interactions between Pt(II) and d10 closed-shell metals 
including Cu(I), Ag(I), Au(I) and Tl(I) are known.117, 119, 133-138  Homometallic Pt(II)-
Pt(II) metallophilic interactions are common, such as in [Pt(L)4]
2+  and [Pt(L")4]
2- 
complexes, which stack with other square planar complex Pt(II) cations or anions, 
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forming long metallophilic Pt(II) chains.119  This occurs perhaps most famously in 
Magnus’ green salt, [Pt(NH3)4][PtCl4], which was first discovered in 1830; a crystal 
structure of this compound, solved in 1957 and shown in Figure 2.2, indicates that the 
Pt(II) cations and anions stack in an alternating fashion with a Pt-Pt distance of 3.24 
Å.116  A kinetically favoured isomer of Magnus’ green salt exists, which is known as 
Magnus’ pink salt; although a crystal structure of the pink isomer does not exist, powder 
X-ray diffraction indicates that the Pt-Pt distance is greater than 5 Å.116, 139  A number of 
derivatives of the green salt have since been prepared, showing that variations in the Pt-
Pt distance result in different coloured salts.123, 139  In addition to the alternating 1-D 
chains, cationic or anionic Pt-Pt chains are also known; [Pt(terpy)Cl]Cl·DMSO, for 
example, has a Pt-Pt distance of 3.3903(5) Å.125 
 
Figure 2.2 X-ray crystal structure of Magnus’ Green Salt, [Pt(NH3)4][PtCl4], 
which is an alternating 1-D chain of [Pt(NH3)4]
2+ cations and 
[PtCl4]
2- anions through 3.24 Å Pt-Pt interactions.  
Similarly, many Pt(II) salts incorporating [Pt(CN)4]
2- also show a strong 
correlation between colour, luminescence, and Pt-Pt distance.140  For example, the 
vapoluminescent [Pt(CNR)4][Pt(CN)4] system is compiled of a mixed cation-anion 
stacking chain, which indicates that the [Pt(CN)4]
2- anion also has the ability to 
participate in Pt-Pt stacks.121, 122  A series of [Pt(CN)4]
2- salts synthesized with cationic 
alkali earth metals also showed a strong correlation between the observed colour and the 
Pt-Pt distance.140-144  Together, these results show the propensity of d8, Pt(II) metal 
centres to form metallophilic interactions  as neutral, cationic, or anionic molecules. 
When [Pt(CN)4]
2- is incorporated as a building block in coordination polymers, 
Pt(II)-Pt(II) stacking can have a considerable influence on the supramolecular structure, 
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as is seen with aurophilic interactions of [Au(CN)2]
- anions.120  Vapochromism is often 
exhibited by these polymers, as a result of changes in the Pt(II)-Pt(II) distance upon 
incorporation of a guest molecule, which causes a change in the observed colour.121, 122  
This feature makes [Pt(CN)4]
2- polymers especially well-suited in sensing applications. 
With both d8 platinum(II) and d10 gold(I) cyanometallates, one would expect that 
the equivalent d8 gold(III) cyanometallate, tetracyanoaurate(III), could also exhibit 
metallophilic interactions.  In fact, monoanionic [Au(CN)4]
- anions must overcome less 
coulombic repulsive force than dianionic [Pt(CN)4]
2- anions in formation of 
metallophilic interactions, suggesting that these may be even better suited to forming 
metallophilic interactions. 
2.1.2 Observations of self-aggregation in tetracyanoaurate(III) 
Despite the isoelectronic relationship of [Au(CN)4]
- and [Pt(CN)4]
2-, no known 
examples of metallophilic interactions have been previously observed for the former 
anion, either in molecular structures or coordination polymers.  In an even more general 
sense, only two known cases of ligand unsupported Au(III)-Au(III) interactions have 
been reported in the literature,117, 145 although a few examples of aurophilic interactions 
with Au(III) atoms exist for ligand-supported compounds146, 147 and in cluster 
chemistry148. 
The first such example was an explosive [NMe4][Au(N3)4] salt exhibiting weak 
Au-Au interactions of 3.507(3), 3.508(3), and 3.584(3) Å.145  These interactions allowed 
formation of 1-dimensional (1-D) chains of [Au(N3)4]
- anions with alternating Au-Au 
distances, as shown in Figure 2.3a.  Hybrid density functional theory calculations for 
this compound suggested that in the gas phase, the [Au(N3)4]
- anions do not bond to one 
another. By extension, the calculations suggested that Au-Au stacking in this structure 
could be attributed to packing forces rather than intrinsic metallophilic bonding of the 
complex anions.145 
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Figure 2.3 (a) The 1-D chain of [Au(N3)4]
- anions formed through Au-Au 
bonds in [NMe4][Au(N3)4] and (b) Au-Au bonding observed in 
[Au(bipy)Cl2][AuBr4] 
The only other reported compounds exhibiting an unsupported Au(III) 
aurophilic interaction are [Au(bipy)Cl2][AuBr4] and [Au(bipy)Br2][AuBr4].
117  
Synthesis of the former compound resulted in X-ray quality crystals with an ambiguous 
chemical composition; while [Au(bipy)Cl2][AuBr4] is bright yellow and 
[Au(bipy)Br2][AuBr4] is dark brown, the synthesized compound, [Au(bipy)Cl2][AuBr4], 
is red-maroon in colour, suggesting possible scrambling between the Cl- and Br- 
ligands.  However, the X-ray crystal structure shows Au-Au bonding between the 
[Au(bipy)Cl2]
+ cation and [AuBr4]
- anion (Au(1)–Au(2) = 3.518(1) Å), which is seen in 
Figure 2.3b.  The structure of [Au(bipy)Br2][AuBr4] is very poor quality but has an Au-
Au distance of approximately 3.54 Å.  An interesting feature of [Au(bipy)Cl2][AuBr4] is 
the conformation of the ions; computational models have suggested that Au(III)-Au(III) 
interactions would occur with the ions in an eclipsed conformation.147  However, the 
ions are staggered in this molecule, perhaps due to the steric bulk of the halogens. 
Although no metallophilic interactions exist in the few known coordination 
polymers incorporating [Au(CN)4]
-,126, 127, 149 self-aggregation of these anions through 
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weak coordinate bonding of terminal cyanonitrile ligands to the vacant axial site of 
central gold(III) atoms in an adjacent molecule often occurs.  These weak Au-N 
coordinate bonds are considered significant when the Au-N distance is less than the sum 
of their respective van der Waals radii, 3.12–3.27 Å.  These axial Au-N interactions are 
much longer than typical equatorial Au-CN bonds (typically 1.9 Å in the crystal 
structure).  Thus, compared to the equatorial bonds in [Au(CN)4]
-, the extreme 
elongation of axial Au-N coordinate bonds suggests that their strength is relatively low. 
While few examples of intermolecular Au(III)-N interactions exist, a range of 
coordination polymers reported by the Leznoff group have exhibited these 
interactions.126  A 1-D chain of [Au(CN)4]
- anions with an Au-N distance of 3.002(14) 
Å was observed in Cu(dien)[Au(CN)4]2.  A 2-D sheet of [Au(CN)4]
- anions is formed in 
Cu(en)2[Au(CN)4]2 by virtue of each anion acting as both a donor and acceptor with Au-
N interactions of 3.035(8) Å in length.  Shorter Au-N interactions of 2.963(13) Å in 
[Cu(dmeda)2Au(CN)4][Au(CN)4] result in the formation of a 1-D chain.  Finally, a 
trimeric cluster of [Au(CN)4]
- anions is observed in [Cu(bipy)(H2O)2(Au(CN)4)0.5]-
[Au(CN)4]1.5, with Au-N lengths of 3.052(9) Å.  From this range of compounds, it 
remains unclear which, if any, conditions favour the formation of intermolecular Au-N 
or aurophilic interactions.  This knowledge could improve the rational design and 
synthesis of coordination polymers where controlled Au-N interaction formation could 
be selectively employed as a design tool to increase structural dimensionality and orient 
building blocks in particular formations. 
2.1.3 Research Goals 
As outlined above, in order to effectively utilize [Au(CN)4]
- as a building block 
in coordination polymers, the structural preferences of this building block must be 
systematically studied.  In particular, it would be desirable to increase structural 
dimensionality through weak interactions with [Au(CN)4]
-, as Au(I)-Au(I) interactions 
have done in [Au(CN)2]
--based systems.  Thus, the effective use of [Au(CN)4]
- in 
crystal engineering demands an ability to predict whether a target compound will 
exhibit either aurophilic or Au-N weak interactions. 
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With these broad goals in mind, an attempt to empirically determine which 
conditions are favourable for self-aggregation of [Au(CN)4]
- by aurophilic interactions 
or weak Au-N coordination was targeted.  To do this, a series of salts were prepared 
using a wide variety of cations in order to see whether certain factors are able to induce 
self-aggregation of [Au(CN)4]
-.  The effects of size and shape were examined by using 
monovalent cations with either the presence or absence of aromatic groups, as in 
[nBu4N]
+ and [AsPh4]
+; a third very bulky cation, [N(PPh)3]
+, was employed to examine 
the effect of using a large cation.  Similar cations with greater charge and aromatic 
groups have examined the effect of increasing the relative number of [Au(CN)4]
- anions 
under the same conditions; these cations include [Mn(terpy)2]
2+, [Co(phen)3]
2+, and 
[Ni(terpy)2]
2+. 
Given the role of hydrogen bond donors in promoting the self-aggregation of 
[Au(CN)2]
-, an appropriate series of cations have been selected to display a range of 
charges while also participating in hydrogen bonding with terminal nitriles of 
[Au(CN)4]
-, namely trans-[Co(en)2Cl2]
+, [Ni(en)3]
2+, [Co(NH3)6]
3+, and [Co(NH3)5Cl]
2+.  
These cations display more variation in their electronic topology than many of the 
aromatic and aliphatic cations used in the other series.  Finally, attempts were made to 
react protonated organic heterocyclic amines with [Au(CN)4]
- but only one 
crystallization was successful, where the cation used was [Hdabco]+. 
These cations, which are summarized in Table 2.1, were crystallized with 
[Au(CN)4]
- and the results thereof have provided the basis for a systematic 
crystallographic study of self-aggregation of [Au(CN)4]
-.  Each compound was 
characterized by single crystal X-ray crystallography in order to detect either Au-Au or 
Au-N interactions.  The results of this study and, more importantly, the analysis of 
factors controlling [Au(CN)4]
- aggregation are detailed in this chapter. 
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Table 2.1 Cations used in synthesis of [Au(CN)4]
- salts in this chapter for 
analysis of self-aggregation of [Au(CN)4]
- anions 
Cations unable to act as hydrogen bond 
acceptors 
Cations able to act as hydrogen bond 
acceptors 
[nBu4N]
+ 
 
trans-
[Co(en)2Cl2]
+ 
 
[AsPh4]
+ 
 
[Ni(en)3]
2+ 
 
[N(PPh3)2]
+ 
 
[Co(NH3)6]
3+ 
 
[Co(phen)3]
2+ 
 
K[Co(NH3)5]
3+ 
 
[Mn(terpy)2]
2+ Hdabco+ 
 
[Ni(terpy)2]
2+ 
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2.2 Results and Analyses 
2.2.1 Synthesis and Structures 
Crystallographic data and refinement details for each structure are collected in 
Appendix 1 while fractional atomic coordinates are collected in Appendix 2. 
2.2.1.1 Compounds lacking [Au(CN)4]
- self-aggregation 
In order to examine the effects of cation charge and shape, a series of 
compounds were synthesized by mixing [nBu4N]
+, [AsPh4]
+, [N(PPh3)2]
+, [Co(phen)3]
2+ 
and [Au(CN)4]
- in methanolic or aqueous solutions.  Slow evaporation of these reactions 
yielded single crystals up to 0.4 mm per side, suitable for X-ray analysis, which were 
further analyzed by IR spectroscopy and single crystal X-ray diffraction. 
 
Figure 2.4 Molecular structure of [nBu4N][Au(CN)4].  Hydrogen atoms have 
been removed for clarity. 
The [nBu4N][Au(CN)4], [AsPh4][Au(CN)4], [N(PPh3)2][Au(CN)4], and 
[Co(phen)3][Au(CN)4]2 structures show standard, unremarkable bond lengths and 
angles, as seen in Figure 2.4 and Table 2.2 for [nBu4N][Au(CN)4].  (Bond lengths and 
angles for [AsPh4][Au(CN)4], [N(PPh3)2][Au(CN)4], and [Co(phen)3][Au(CN)4]2 are 
collected in Tables 2.3, 2.4, and 2.5, respectively.)  Critically, [Au(CN)4]
- anions are 
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isolated from one another in these compounds; no Au-Au or Au-N interactions are 
present.  More specifically, the crystal structures of these compounds have minimum 
Au-Au distances ranging from 4.323 to 8.249 Å while the shortest Au-N distances 
range from 3.267(2) to 6.137(4) Å, as collected in Table 2.6.  Each set of distances fall 
outside the range of Au-Au metallophilic interactions and Au-N weak coordinate 
bonds, which suggests that in the absence of hydrogen bonding self-aggregation of 
[Au(CN)4]
- anions is not observed, regardless of the shape or charge of the cation, or its 
ability to '-' stack. 
Table 2.2 Selected bond lengths (Å) and angles (deg) for [nBu4N][Au(CN)4] 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 1.996(4) Au(1) – C(13) 1.992(3) 
Au(1) – C(12) 1.996(4) Au(1) – C(14) 2.002(3) 
C(11) – N(11) 1.148(5) C(13) – N(13) 1.144(4) 
C(12) – N(12) 1.139(5) C(14) – N(14) 1.144(4) 
Au(1) ••• Au(1)* 8.118 Au(1) ••• N(12)*  6.137(4) 
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 90.49(14) C(12) – Au(1) – C(13) 89.93(13) 
C(11) – Au(1) – C(13) 178.25(13) C(12) – Au(1) – C(14) 178.03(12) 
C(11) – Au(1) – C(14) 90.20(14) C(13) – Au(1) – C(14) 89.44(13) 
Au(1) – C(11) – N(11) 178.1(3) Au(1) – C(13) – N(13) 178.4(3) 
Au(1) – C(12) – N(12) 178.2(3) Au(1) – C(14) – N(14) 177.0(3) 
Symmetry transformation: * ) 3/2-x, -1/2+y, 1/2-z 
Table 2.3 Selected bond lengths (Å) and angles (deg) for [AsPh4][Au(CN)4] 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 1.995(2) Au(1) – C(13) 1.993(2) 
Au(1) – C(12) 1.996(2) Au(1) – C(14) 1.985(2) 
C(11) – N(11) 1.146(3) C(13) – N(13) 1.140(3) 
Continued on next page…   
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Selected Atoms Bond Length Selected Atoms Bond Length 
C(12) – N(12) 1.150(3) C(14) – N(14) 1.149(3) 
Au(1) ••• Au(1)* 4.342 Au(1) ••• N(12)*  3.266(2) 
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 90.75(9) C(12) – Au(1) – C(13) 89.62(9) 
C(11) – Au(1) – C(13) 179.35(9) C(12) – Au(1) – C(14) 179.74(9) 
C(11) – Au(1) – C(14) 89.41(10) C(13) – Au(1) – C(14) 90.23(9) 
Au(1) – C(11) – N(11) 178.7(2) Au(1) – C(13) – N(13) 178.9(2) 
Au(1) – C(12) – N(12) 177.8(2) Au(1) – C(14) – N(14) 179.7(3) 
Symmetry Transformation: * ) 4-x, 3-y, 3-z 
Table 2.4 Selected bond lengths (Å) and angles (deg) for 
[N(PPh3)2][Au(CN)4] 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 1.997(5) Au(1) – C(13) 1.991(5) 
Au(1) – C(12) 1.991(6) Au(1) – C(14) 1.987(6) 
C(11) – N(11) 1.118(5) C(13) – N(13) 1.121(5) 
C(12) – N(12) 1.132(6) C(14) – N(14) 1.128(6) 
N(1) – P(1) 1.564(4) N(1) – P(2) 1.562(4) 
Au(1) ••• Au(1)* 8.249 Au(1) ••• N(11)*  5.665(5) 
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 88.85(18) C(12) – Au(1) – C(13) 91.00(19) 
C(11) – Au(1) – C(13) 179.10(19) C(12) – Au(1) – C(14) 179.47(18) 
C(11) – Au(1) – C(14) 90.67(18) C(13) – Au(1) – C(14) 89.5(2) 
Au(1) – C(11) – N(11) 178.3(5) Au(1) – C(13) – N(13) 179.4(6) 
Au(1) – C(12) – N(12) 177.7(6) Au(1) – C(14) – N(14) 179.2(5) 
P(1) – N(1) – P(2) 152.6(3)   
Symmetry Transformation: * ) 1-x, 1-y, 1-z 
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Table 2.5 Selected bond lengths (Å) and angles (deg) for 
[Co(phen)3][Au(CN)4]2 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 1.998(4) Au(1) – C(13) 2.002(4) 
Au(1) – C(12) 1.998(4) Au(1) – C(14) 1.999(4) 
C(11) – N(11) 1.155(6) C(13) – N(13) 1.149(6) 
C(12) – N(12) 1.151(6) C(14) – N(14) 1.153(6) 
Au(2) – C(21) 1.992(4) Au(2) – C(23) 1.993(4) 
Au(2) – C(22) 1.999(4) Au(2) – C(24) 2.006(4) 
C(21) – N(21) 1.153(6) C(23) – N(23) 1.148(6) 
C(22) – N(22) 1.142(6) C(24) – N(24) 1.150(6) 
Co(1) – N(31) 2.148(3) Co(1) – N(34) 2.137(3) 
Co(1) – N(32) 2.162(3) Co(1) – N(35) 2.155(3) 
Co(1) – N(33) 2.134(3) Co(1) – N(36) 2.167(3) 
Au(1) ••• Au(1)* 4.815 Au(1) ••• N(12)*  3.357(6) 
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 90.75(18) C(12) – Au(1) – C(13) 89.27(18) 
C(11) – Au(1) – C(13) 178.75(16) C(12) – Au(1) – C(14) 178.65(18) 
C(11) – Au(1) – C(14) 89.42(17) C(13) – Au(1) – C(14) 90.58(17) 
Au(1) – C(11) – N(11) 179.0(4) Au(1) – C(13) – N(13) 178.2(4) 
Au(1) – C(12) – N(12) 176.2(5) Au(1) – C(14) – N(14) 176.8(4) 
C(21) – Au(2) – C(22) 89.21(17) C(22) – Au(2) – C(23) 90.70(16) 
C(21) – Au(2) – C(23) 178.99(18) C(22) – Au(2) – C(24) 178.64(17) 
C(21) – Au(2) – C(24) 91.05(18) C(23) – Au(2) – C(24) 89.06(17) 
Au(2) – C(21) – N(21) 178.6(4) Au(2) – C(23) – N(23) 178.9(4) 
Au(2) – C(22) – N(22) 179.1(4) Au(2) – C(24) – N(24) 177.4(4) 
Symmetry Transformation: * ) -x, 1-y, 1-z 
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Table 2.6 Minimum Au-Au and Au-N distances in [nBu4N][Au(CN)4], 
[AsPh4][Au(CN)4], [N(PPh3)2][Au(CN)4], and 
[Co(phen)3][Au(CN)4]2 
Compound Shortest Au-Au Distance (Å) Shortest Au-N Distance (Å) 
[nBu4N][Au(CN)4] 8.118 6.137(4) 
[AsPh4][Au(CN)4] 4.323 3.267(2) 
[N(PPh3)2][Au(CN)4] 8.249 5.665(5) 
[Co(phen)3][Au(CN)4]2 4.815 3.357(6) 
 
2.2.1.2 Synthesis and Structure of [Mn(terpy)2][Au(CN)4]2 and 
[Ni(terpy)2][Au(CN)4][ClO4]!H2O 
The reaction of aqueous solutions of either manganese (II) perchlorate or nickel 
(II) perchlorate and one equivalent of terpyridine along with two equivalents of 
potassium tetracyanoaurate resulted in X-ray quality crystals of 
[Mn(terpy)2][Au(CN)4]2 and [Ni(terpy)2][Au(CN)4][ClO4]!H2O, respectively.  IR 
analysis of the crystals show that the former compound has a single, weak %CN band at 
2180 cm-1.  The IR spectrum of KAu(CN)4 has %CN bands at 2189 cm
-1;130 the structure 
of this salt has not been determined but it is reasonable to expect that the cyano-nitriles 
bridge the Lewis acidic gold and potassium metal centres.  In contrast, the crystal 
structures of [nBu4N][Au(CN)4] and [N(PPh3)2][Au(CN)4] clearly do not have any 
bridging nitriles; the terminal nitriles in these compounds show %CN bands at 2183 and 
2179 cm-1, respectively.  Thus, the observation of a %CN band at 2180 cm
-1 for 
[Mn(terpy)2][Au(CN)4]2 suggests that this compound does not have any Au-N 
interactions.  Conversely [Ni(terpy)2][Au(CN)4][ClO4]!H2O has %CN bands at 2200, 
2192, and 2183 cm-1; blue-shifting of some of these bands away from 2183 cm-1 
suggests that this compound contains bridging nitriles, as electron density is drawn 
from the antibonding HOMO.  It is worth noting that the weak peaks inherent to 
[Au(CN)4]
- confounds IR analysis such that identification of peaks is much more 
difficult than in cyanometallates with strongly absorbing %CN bands such as [Au(CN)2]
- 
or [Pt(CN)4]
2-.126, 150 
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Figure 2.5 Extended structure of [Mn(terpy)2][Au(CN)4]2 showing Au(1)-
Au(2)-Au(1) trimers formed through Au-N interactions.  Hydrogen 
atoms have been removed for clarity.  (Symmetry transformations: 
* ) -x, 2-y, 2-z; † ) -1+x, y, 1+z; ‡ ) -x, 2-y, 1-z; " ) x, y, 1+z; , ) 
1-x, 2-y, 2-z; " ) -x, 2-y, 2-z; £ ) -x, 2-y, 2-z; $ ) -1+x, y, z) 
Based on the crystal structures previously described, it was expected that these 
particular compounds would lack either Au-Au or Au-N interactions.  This expectation 
was based on the similarities of [Mn(terpy)2]
2+ and [Ni(terpy)2]
2+ with [Co(phen)3]
2+ in 
terms of charge, aromaticity, shape, and the lack of hydrogen bonding ability.  
However, the crystal structures of [Mn(terpy)2][Au(CN)4]2 and 
[Ni(terpy)2][Au(CN)4][ClO4]!(H2O) each displayed slight self-aggregation of 
[Au(CN)4]
- anions through very weak Au-N interactions.  In [Mn(terpy)2][Au(CN)4]2, 
weak trans-axial coordination of Au(2) through Au-N interactions results in [Au(CN)4]
- 
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trimers (Au(2)–N(11) = 3.228(17) Å) and an octahedral Au(III) centre.  Bond lengths 
and angles for this structure are collected in Table 2.7. 
Table 2.7 Selected bond lengths (Å) and angles (deg) for 
[Mn(terpy)2][Au(CN)4]2 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 2.034(18) Au(1) – C(13) 2.12(3) 
Au(1) – C(12) 1.97(2) Au(1) – C(14) 2.03(3) 
C(11) – N(11) 1.11(2) C(13) – N(13) 1.06(4) 
C(12) – N(12) 1.17(3) C(14) – N(14) 1.15(3) 
Au(2) – C(21) 2.018(16) Au(2) – C(22) 2.031(15) 
C(21) – N(21) 1.119(18) C(22) – N(22) 1.119(17) 
Au(3) – C(31) 1.967(18) Au(3) – C(32) 1.994(16) 
C(31) – N(31) 1.14(2) C(32) – N(32) 1.143(18) 
Mn(1) – N(41) 2.254(14) Mn(1) – N(44) 2.251(12) 
Mn(1) – N(42) 2.179(11) Mn(1) – N(45) 2.172(11) 
Mn(1) – N(43) 2.231(11) Mn(1) – N(46) 2.265(12) 
Au(1) ••• Au(1)& 4.963(1) Au(2) – N(11)  3.228(17) 
Au(2) – N(11) * 3.228(17)   
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 90.4(8) C(12) – Au(1) – C(13) 90.3(11) 
C(11) – Au(1) – C(13) 178.7(18) C(12) – Au(1) – C(14) 178.3(10) 
C(11) – Au(1) – C(14) 88.1(8) C(13) – Au(1) – C(14) 91.3(11) 
Au(1) – C(11) – N(11) 176.5(17) Au(1) – C(13) – N(13) 177(3) 
Au(1) – C(12) – N(12) 176(2) Au(1) – C(14) – N(14) 167(2) 
C(21) – Au(2) – C(22) 88.4(6) C(22) – Au(2) – C(21)* 91.6(6) 
C(21) – Au(2) – C(21)* 180 C(22) – Au(2) – C(22)* 180 
C(21) – Au(2) – C(22)* 91.6(6) C(21)*–Au(2) – C(22)* 88.4(6) 
Au(2) – C(21) – N(21) 176.1(15) Au(2) – C(22) – N(22) 177.3(14) 
C(21) – Au(2) – N(11) 93.9(5) C(21)*– Au(2) – N(11) 86.1(5) 
Continued on next page…   
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Selected Atoms Angle Selected Atoms Angle 
C(22) – Au(2) – N(11) 108.2(5) C(22)*– Au(2) – N(11) 71.8(5) 
Au(2) – N(11) – C(11) 133.1(15) N(11) – Au(2) – N(11)* 180 
C(31) – Au(3) – C(32) 88.5(7) C(32) – Au(3) – C(31)% 91.5(7) 
C(31) – Au(3) – C(31)% 179.994 C(32) – Au(3) – C(32)% 179.994 
C(31) – Au(3) – C(32)% 91.5(7) C(31)%–Au(3) – C(32)% 88.5(7) 
Au(3) – C(31) – N(31) 176.9(17) Au(2) – C(22) – N(22) 176.8(15) 
Symmetry Transformations: & ) -x, 1-y, 2-z; * ) -x, 2-y, 2-z ; % ) 1-x, 2-y, -z 
In [Ni(terpy)2][Au(CN)4][ClO4]!(H2O), Au-N interactions of a similar length 
were observed, resulting in formation of a 1-D chain of [Au(CN)4]
- anions as seen in 
Figure 2.6 (Au(1)–N(13)† = 3.228(8) Å; † = x,1-y,1/2+z).  Both Au-N interactions are 
relatively long and weak, based on the sum of the van der Waals radii for gold and 
nitrogen of 3.12-3.27 Å.132  This 1-D chain is propagated by bridging cyano-nitriles that 
weakly coordinate to adjacent Au atoms while their central Au atoms are also 
coordinated by bridging nitriles.  As a result, the Au(1) metal centre in this molecule is 
weakly five-coordinate, adopting a square pyramidal geometry, which is unusual for a 
d
8 atom that would prefer a square planar geometry.58  However, adoption of a square 
pyramidal or octahedral geometry is not unknown for [Au(CN)4]
-; it has been 
previously observed in coordination polymers with this anion.126  The C-bound 
cyanides, making up the basal ligands, do not deviate significantly from their original 
square planar geometry, as indicated by the lack of distortion about the Au(1) atom 
(C(11)–Au(1)–C(13) = 179.1(4)°; C(12)–Au(1)–C(14) = 179.4(4)°).  Bond lengths and 
angles for this structure are collected in Table 2.8. 
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Figure 2.6 Extended structure of [Ni(terpy)2][Au(CN)4][ClO4]·(H2O).  The 
water molecule, terpyridine phenyl rings, and hydrogen atoms have 
all been omitted for clarity.  (Symmetry transformations: * ) 1+x, 
1-y, !+z; † ) x, 1-y, 1/2+z; ‡ ) x, y, 1+z) 
Table 2.8 Selected bond lengths (Å) and angles (deg) for 
[Ni(terpy)2][Au(CN)4][ClO4]·(H2O) 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 2.007(8) Au(1) – C(13) 1.991(9) 
Au(1) – C(12) 1.999(6) Au(1) – C(14) 2.003(7) 
C(11) – N(11) 1.122(10) C(13) – N(13) 1.154(11) 
C(12) – N(12) 1.138(9) C(14) – N(14) 1.125(8) 
Ni(1) – N(21) 2.132(4) Ni(1) – N(24) 2.115(4) 
Ni(1) – N(22) 2.013(4) Ni(1) – N(25) 2.004(4) 
Ni(1) – N(23) 2.117(4) Ni(1) – N(26) 2.138(4) 
Au(1) ••• Au(1)" 4.509 Au(1) – N(13)" 3.228(8) 
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 92.6(3) C(12) – Au(1) – C(13) 88.3(3) 
Continued on next page…   
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Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(13) 179.1(4) C(12) – Au(1) – C(14) 179.4(4) 
C(11) – Au(1) – C(14) 87.5(3) C(13) – Au(1) – C(14) 91.7(3) 
Au(1) – C(11) – N(11) 178.0(7) Au(1) – C(13) – N(13) 174.4(7) 
Au(1) – C(12) – N(12) 179.0(9) Au(1) – C(14) – N(14) 177.7(6) 
C(11) – Au(1) – N(13)" 90.5(3) C(13) – Au(1) – N(13)" 89.8(3) 
C(12) – Au(1) – N(13)" 88.0(3) C(14) – Au(1) – N(13)" 91.4(3) 
Au(1) – N(13)"– C(13)" 92.2(6)   
Symmetry Transformation: " ) x, 1-y, -1/2+z 
In each of these structures, the cyanide stretching frequencies in the IR spectra 
are very similar.  The spectra of [nBu4N][Au(CN)4], [AsPh4][Au(CN)4], and 
[N(PPh3)2][Au(CN)4] all have cyanide stretching frequencies (%CN) at 2183 cm
-1, which 
can be compared to the %CN bands of KAu(CN)4 at 2189 cm
-1.130  This indicates that 
when unbound, nitriles in [Au(CN)4]
- exhibit this characteristic stretching frequency.  
The spectrum of [Co(phen)3][Au(CN)4]2 shows some cyanide peaks occurring at 2199, 
and 2190, and 2185, in addition to the one at 2183 cm-1.  The latter unshifted peak can 
be attributed to the unbound cyanonitriles in this structure, but the shifted peaks at 2200 
and 2190 cm-1 are surprising, given that there is no coordination between any cyanides 
to Lewis acids.  (Another compound, [AsPh4][Au(CN)4] also has %CN
 bands at 2192 and 
2180 cm-1 that cannot be accounted for by the structure.)  In comparison, 
[Mn(terpy)2][Au(CN)4]2 shows a slight shift in the cyanide stretching frequency to 2180 
cm-1, perhaps due to weak coordination of Au(III), although this weak coordination 
would normally suggest that the %CN peak would be blue shifted.  The IR spectrum of 
[Ni(terpy)2][Au(CN)4][ClO4]·(H2O) shows cyanide stretching peaks at 2200, 2192, and 
2183 cm-1.  The peak at 2183 cm-1 is indicative of free, unbound cyanides while those at 
2200 and 2192 are most likely due to weakly coordinating cyanides involved in 
formation of the 1-D chain.  With the exception of [AsPh4][Au(CN)4] and 
[Co(phen)3][Au(CN)4]2, compounds with terminal cyanide ligands have cyanide 
stretching frequencies of 2183-2179 cm-1 while those with bridging nitriles generally 
have blue shifted and extra cyanide stretches.  In this series, the frequency of observed 
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%CN appears to be a poor indicator of cyanide bridging between metals, which may be 
partly due to the very low intensity of the observed bands.  Table 2.9 compares the 
observed %CN bands with any nitrile bridging observed in the crystal structure. 
Table 2.9 Comparison of CN bridging and the %CN bands for the IR spectra of 
[AsPh4][Au(CN)4], [N(PPh3)2][Au(CN)4], [Co(phen)3][Au(CN)4]2, 
[Mn(terpy)2][Au(CN)4]2, and [Ni(terpy)2][Au(CN)4][ClO4]!(H2O) 
Observed %CN Bands (cm
-1) 
Complex Suggestive 
Bridging 
Suggestive 
Non-Bridging 
Observed in Crystal 
Structure 
[nBu4N][Au(CN)4]  2183 No bridging CN 
[AsPh4][Au(CN)4] 2192 2180 No bridging CN 
[N(PPh3)2][Au(CN)4]  2179 No bridging CN 
[Co(phen)3][Au(CN)4]2 
2199, 2190, 
2185 
2180 No bridging CN 
[Mn(terpy)2][Au(CN)4]2  2180 
Long Au-N 
interactions 
[Ni(terpy)2][Au(CN)4][ClO4] 2200, 2192 2183 
Long Au-N 
interactions 
 
2.2.1.3 Synthesis and Structure of [trans-Co(en)2Cl2][Au(CN)4] 
The reaction of methanolic cis-[Co(en)2Cl2]Cl with methanolic KAu(CN)4 does 
not cause formation of an immediate precipitate.  Instead, the resultant solution deposits 
green crystals of trans-[Co(en)2Cl2][Au(CN)4] after four days, which were isolated by 
vacuum filtration. 
Analysis of the IR spectrum indicates that the cyanide stretching is slightly 
shifted to 2186 cm-1 but there are no additional bands, indicating that the cyanides are 
highly symmetric.  This shift suggests that the [Au(CN)4]
- anion may contain bridging 
cyanide ligands. 
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Figure 2.7 (a) The asymmetric unit of [trans-Co(en)2Cl2][Au(CN)4] showing 
the chain formed by hydrogen bonding between N(11)•••H(21)*-
N(2)* and (b) the view of the solid state crystal viewed down the 
a-axis showing layering that occurs between [trans-Co(en)2Cl2]
+ 
and [Au(CN)4]
- ions.  Hydrogen atoms are removed for clarity.  
(Symmetry transformations: * ) -1-x, -y, 1-z; † ) -1-x, 1-y, -2-z) 
The disordered crystal structure of [trans-Co(en)2Cl2][Au(CN)4] contains a 
cobalt (III) cation octahedrally coordinated by chloride and en ligands in a trans fashion 
(Figure 2.7a).  The cobalt cation lies on a special position, resulting in crystallographic 
equivalency for each of the pairs of chloride and en ligands.  The bond lengths and 
angles are collected in Table 2.10. 
Table 2.10 Selected bond lengths (Å) and angles (deg) for trans-
[Co(en)2Cl2][Au(CN)4] 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 2.000(12) Au(1) – C(12) 2.000(11) 
C(11) – N(11) 1.134(15) C(12) – N(12) 1.136(15) 
Co(1) – N(1) 1.954(8) N(1) – C(1) 1.506(16) 
Co(1) – N(2) 1.945(8) N(2) – C(2) 1.498(14) 
Continued on next page…   
  43 
Selected Atoms Bond Length Selected Atoms Bond Length 
Co(1) – Cl(1) 2.259(2) C(1) – C(2) 1.516(16) 
N(1) – C(1) 1.506(16) N(2) – C(2) 1.498(14) 
C(1) – C(2) 1.516(16) N(11)•••H(21)*– N(2)* 2.997(17) 
Au(1) – N(12)" 3.072(13) Au(1) ••• Au(1)" 5.935 
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 90.7(5) C(12) – Au(1) – C(11)† 89.3(5) 
C(11) – Au(1) – C(11)† 180 C(12) – Au(1) – C(12)† 180 
C(11) – Au(1) – C(12)† 89.3(5) C(11)†– Au(1) – C(12)† 90.7(5) 
Au(1) – C(11) – N(11) 178.5(10) Au(1) – C(12) – N(12) 176.9(13) 
C(11) – Au(1) – N(12)" 85.5(4) C(11)†– Au(1) – N(12)" 94.5(4) 
C(12) – Au(1) – N(12)" 93.1(5) C(12)†– Au(1) – N(12)" 86.9(5) 
N(12)"– Au(1) – N(12), 180 Au(1) – N(12)"– C(12)" 145.4(13) 
C(11) – N(11) ••• N(2)* 119.6(9)   
Symmetry transformation: * ) -1-x, -y, 1-z; † ) -1-x, 1-y, -2-z 
Hydrogen bonding occurs between the complex cation and [Au(CN)4]
- anion, 
such that the CN(11) nitrile acts as a hydrogen bond acceptor and N(2) acts as a 
hydrogen bond donor (N(11)•••H(21)*–N(2)* = 2.997(17) Å; C(11)–N(11)–N(2)* = 
119.6(9)°; * ) -1-x, -y, 1-z).  This hydrogen bond is longer than those observed 
between [Au(CN)4]
- and H2O molecules in Chapter 3, which range in length from 
2.749(14) to 2.933(14) Å.  However, it is consistent with hydrogen bonds previously 
observed in a similar structural study investigating hydrogen bonding between 
[M(NH3)6][Au(CN)2]x salts, which were typically slightly greater than 3.0 Å.
76  Each en 
ligand is involved in formation of these hydrogen bonds, which are propagated 
infinitely throughout the crystal and aid the formation of a supramolecular structure 
where trans-[Co(en)2Cl2]
+ and [Au(CN)4]
- ions form separate layers (Figure 2.7b).  It is 
reasonable to predict that this type of structure would favour self-aggregation of 
[Au(CN)4]
- anions because they are not physically isolated from one another. 
Indeed, weak nitrile-gold coordinate bonds are observed between N(12) and 
Au(1)‡ such that the Au atom is octahedral, but exhibiting a great deal of axial 
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distortion (‡ ) -3/2-x, -1/2+y, -2-z).  These nitrile-gold interactions are relatively short 
compared to the previous compounds described (Au(1)‡–N(12) = 3.072(13) Å; Au(1)‡–
N(12)–C(12) = 145.36°).  The gold atom also lies on a special position such that 
symmetrically equivalent C(12)†-N(12)† nitriles coordinate to adjacent gold atoms, 
forming a chain († ) -1-x, 1-y, -2-z).  No gold-gold interactions are observed in this 
structure and it appears that the cobalt complex cations pack without the aid of any 
significant intermolecular interactions.  Thus, it appears that hydrogen bonding between 
the cations and anions and weak nitrile-gold coordinate bonding contribute to 
aggregation of the two ions and anions, respectively. 
The distorted octahedral geometry observed in this structure marks a departure 
from the square planar geometry usually observed for Au(III).58  Some five- and six-
coordinate Au(III) complexes are known, however.  Five-coordinate Au(III) complexes 
typically incorporate a chelating ligand exhibiting some rigidity, such as 2,2´-
bipyridine, phenanthroline, or 2,2´:6´:2˝-terpyridine, which allows one pyridyl group to 
coordinate to an basal site on the Au(III) centre while the other pyridyl group 
coordinates to the apical site.151-155  However, some five-coordinate complexes are 
known that deviate from this model.156, 157  A six-coordinate Au(III) complex is also 
known, based on a macrocyclic ligand with four equatorial nitrogen donors, and axial 
chloride ligands; a great disparity in bond lengths is observed between the equatorial 
and axial ligands, which average 2.049(8) and 3.097(4) Å, respectively.158  With 
growing use of Au(III) complexes for medicinal applications, study of five- and six-
coordinate Au(III) complexes is important for understanding reaction mechanisms.159, 
160 
With each Au atom axially coordinated by nitriles and equatorially coordinated 
by two bridging nitriles, a network of [Au(CN)4]
- anions is formed and adopts a (4,4) 
net motif (Figure 2.8).28  This convention describes a network where each repeating unit 
consists of four nodal points, and each nodal point forms a corner for four adjacent 
units.  
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Figure 2.8  A view of the (4,4) [Au(CN)4]
- net formed by crystallographically 
equivalent Au-N interactions of 3.072(13) Å in length in [trans-
Co(en)2Cl2][Au(CN)4].  Trans-[Co(en)2Cl2]
+ cations have been 
removed for clarity.  (Symmetry transformations: † ) -1-x, 1-y, -2-
z; # ) 1/2+x, 1/2-y, z; $ ) -3/2-x, 1/2+y, 2-z; ‡ ) -3/2-x, -1/2+y, -2-z; 
- ) -1/2-x, 1/2+y, -2-z) 
2.2.1.4 Synthesis and Structure of [Ni(en)3][Au(CN)4]2 
Addition of an aqueous stock solution of en to an aqueous solution of 
Ni(ClO4)2!6H2O results in a purple solution and when an aqueous solution of 
KAu(CN)4 is added to this solution, no immediate precipitate forms.  Slow evaporation 
of this solution results in deposition of large purple crystals of [Ni(en)3][Au(CN)4]2 
after 5 days, which were collected by vacuum filtration.  The IR spectrum of this 
compound shows cyanide peaks at 2185 and 2176 cm-1.  This shift from 2183 cm-1 and 
splitting of the peak suggests that the cyanides may exhibit Au-N coordination or 
participate in hydrogen bonding with the amine groups on the [Ni(en)3]
2+ complex. 
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Figure 2.9 (a) The asymmetric unit of [Ni(en)3][Au(CN)4]2 and (b) the 1-D 
chain formed by Au-N interactions.  Hydrogen atoms are omitted 
for clarity.  (Symmetry transformations: * ) 1-x, 1-y, 1-z; † ) 1-x, -
1/2+y, -3/2-z; ‡ ) x, 1/2-y, 1/2+z) 
The X-ray crystal structure of this compound shows an octahedrally coordinated 
Ni(II) cation, bound by three bidentate en ligands with a . stereochemistry, as seen in 
Figure 2.9a.  Very little distortion is observed to the octahedral coordination sphere; the 
Ni(1)–N bond lengths are very similar, ranging from 2.135(4) to 2.151(4) Å.  Similarly 
standard bond lengths are seen for Au-C and C)N bonds; these bonds and others are 
collected in Table 2.11. 
Table 2.11 Selected bond lengths (Å) and angles (deg) for 
[Ni(en)3][Au(CN)4]2 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 2.009(5) Au(1) – C(13) 2.025(5) 
Au(1) – C(12) 1.990(5) Au(1) – C(14) 2.000(5) 
C(11) – N(11) 1.125(6) C(13) – N(13) 1.124(6) 
C(12) – N(12) 1.129(6) C(14) – N(14) 1.133(6) 
Au(2) – C(21) 2.002(5) Au(2) – C(23) 2.002(6) 
Au(2) – C(22) 2.006(6) Au(2) – C(24) 2.011(6) 
Continued on next page…   
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Selected Atoms Bond Length Selected Atoms Bond Length 
C(21) – N(21) 1.133(6) C(23) – N(23) 1.124(6) 
C(22) – N(22) 1.129(6) C(24) – N(24) 1.122(6) 
Ni(1) – N(1) 2.143(4) Ni(1) – N(4) 2.134(4) 
Ni(1) – N(2) 2.138(4) Ni(1) – N(5) 2.134(4) 
Ni(1) – N(3) 2.151(4) Ni(1) – N(6) 2.140(4) 
Au(1) – N(21)" 3.082(5) Au(2) – N(11)*  3.056(5) 
Au(1) ••• Au(1), 4.401   
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 91.15(19) C(12) – Au(1) – C(13) 89.05(19) 
C(11) – Au(1) – C(13) 175.38(19) C(12) – Au(1) – C(14) 177.7(2) 
C(11) – Au(1) – C(14) 90.6(2) C(13) – Au(1) – C(14) 89.1(2) 
Au(1) – C(11) – N(11) 174.6(5) Au(1) – C(13) – N(13) 174.8(4) 
Au(1) – C(12) – N(12) 177.9(5) Au(1) – C(14) – N(14) 174.8(5) 
C(11) – Au(1) – N(21)" 89.00(17) C(13) – Au(1) – N(21)" 95.61(16) 
C(12) – Au(1) – N(21)" 90.27(19) C(14) – Au(1) – N(21)" 91.22(18) 
Au(1) – N(21)"– C(21)" 118.3(4)   
C(21) – Au(2) – C(22) 88.8(2) C(22) – Au(2) – C(23) 90.5(2) 
C(21) – Au(2) – C(23) 179.1(2) C(22) – Au(2) – C(24) 179.7(3) 
C(21) – Au(2) – C(24) 91.0(2) C(23) – Au(2) – C(24) 89.7(2) 
Au(2) – C(21) – N(21) 177.8(5) Au(2) – C(23) – N(23) 178.1(6) 
Au(2) – C(22) – N(22) 177.5(6) Au(2) – C(24) – N(24) 176.1(6) 
C(21) – Au(2) – N(11)* 83.80(18) C(23) – Au(2) – N(11)* 95.84(19) 
C(22) – Au(2) – N(11)* 98.9(2) C(24) – Au(2) – N(11)* 80.88(19) 
Au(2) – N(11)*– C(11)* 129.6(4)   
Symmetry transformations: * ) 1-x, 1-y, 1-z; " ) 1-x, 1/2+y, 3/2-z; , ) -x, 1-y, 1-
z 
In the supramolecular structure there is an absence of hydrogen bonding, despite 
the ability of the NH2R amines of the en ligands to act as hydrogen bond donors.  This 
absence may be due to steric hindrance of the carbon backbone in the en ligand, 
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although en is not a particularly bulky ligand and did not impede hydrogen bonding in 
trans-[Co(en)2Cl2][Au(CN)4].  In spite of the lack of hydrogen bonding, Au-N weak 
coordinate bonds are observed between Au(2) and N(11)* as well as Au(1)† and N(21) 
(Au(2)–N(11)* = 3.056(5) Å; Au(1)†–N(21) = 3.082(5) Å; * ) 1-x, 1-y, 1-z; † ) 1-x, -
1/2+y, -3/2-z).  These Au-N interactions cause both Au(1) and Au(2) to be weakly five 
coordinate and adopt a square pyramidal geometry.  However, the apical coordination 
of both Au(1) and Au(2) only causes slight distortion of the basal nitriles away from 
planarity for Au(1) and almost no distortion about Au(2) (C(1)–Au(1)–C(3) = 
175.39(19)°, C(2)–Au(1)–C(4) = 177.7(2)°; C(5)–Au(2)–C(7) = 179.1(2)°, C(6)–
Au(2)–C(8) = 179.7(3)°).  These Au-N interactions facilitate formation of [Au(CN)4]
- 
1-D chains in the supramolecular structure, as seen in Figure 2.9b.  The 1-D chains of 
[Au(CN)4]
- anions are separated from one another by [Ni(en)3]
2+ cations. 
2.2.1.5 Synthesis and Structure of [Co(NH3)6][Au(CN)4]3!4H2O 
The reaction of aqueous [Co(NH3)6]Cl3 and KAu(CN)4 results in an orange 
solution, which yielded orange crystals of [Co(NH3)6][Au(CN)4]3·4H2O five weeks 
later.  The IR spectrum of this compound reveals two %CN bands at 2189 and 2191 cm
-1, 
suggesting bridging of the nitrile ligands.  The elemental analysis results suggest that 
the compound incorporates four water molecules into the solid state structure. 
The asymmetric unit of this compound is shown in Figure 2.10a and consists of 
a cobalt(III) cation octahedrally coordinated by six amine ligands.  The bond lengths 
and angles of the three [Au(CN)4]
- anions are standard, with little distortion from the 
square planar geometry.  Bond lengths and angles for this structure are collected in 
Table 2.12. 
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Figure 2.10 (a) Asymmetric unit of [Co(NH3)6][Au(CN)4]3·4H2O and (b) a 
view of the packing in the crystal structure while looking down the 
a-axis.  This view shows layers of [Au(CN)4]
- anions alternating 
with layers of [Co(NH3)6]
3+ cations and water molecules.  
Hydrogen atoms in (b) are removed for clarity. 
Table 2.12 Selected bond lengths (Å) and angles (deg) for 
[Co(NH3)6][Au(CN)4]3·4H2O 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 1.984(6) Au(1) – C(13) 1.992(6) 
Au(1) – C(12) 1.992(6) Au(1) – C(14) 2.014(7) 
C(11) – N(11) 1.129(8) C(13) – N(13) 1.126(8) 
C(12) – N(12) 1.131(8) C(14) – N(14) 1.131(9) 
Au(2) – C(21) 2.001(6) Au(2) – C(23) 1.996(6) 
Au(2) – C(22) 2.002(6) Au(2) – C(24) 2.010(7) 
C(21) – N(21) 1.133(8) C(23) – N(23) 1.129(8) 
C(22) – N(22) 1.127(8) C(24) – N(24) 1.121(9) 
Au(3) – C(31) 1.963(7) Au(3) – C(33) 1.992(6) 
Au(3) – C(32) 1.997(6) Au(3) – C(34) 1.989(6) 
Continued on next page…   
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Selected Atoms Bond Length Selected Atoms Bond Length 
C(31) – N(31) 1.144(8) C(33) – N(33) 1.116(9) 
C(32) – N(32) 1.126(9) C(34) – N(34) 1.134(8) 
Co(1) – N(1) 1.960(7) Co(1) – N(4) 1.937(5) 
Co(1) – N(2) 1.956(5) Co(1) – N(5) 1.952(4) 
Co(1) – N(3) 1.962(6) Co(1) – N(6) 1.981(7) 
Au(1) – N(24) 3.052(7) Au(2) – N(31) 3.022(6) 
Au(2) – N(13)# 3.010(6) Au(3) – N(34)‡ 3.004(6) 
Au(1) ••• Au(2) 5.099 Au(2) ••• Au(3) 4.975 
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 89.2(2) C(12) – Au(1) – C(13) 87.7(2) 
C(11) – Au(1) – C(13) 176.5(2) C(12) – Au(1) – C(14) 178.8(3) 
C(11) – Au(1) – C(14) 90.8(3) C(13) – Au(1) – C(14) 92.3(2) 
Au(1) – C(11) – N(11) 179.2(6) Au(1) – C(13) – N(13) 174.4(5) 
Au(1) – C(12) – N(12) 177.2(6) Au(1) – C(14) – N(14) 177.3(8) 
C(11) – Au(1) – N(24) 79.3(2) C(13) – Au(1) – N(24) 102.3(2) 
C(12) – Au(1) – N(24) 88.9(2) C(14) – Au(1) – N(24) 90.0(3) 
Au(1) – N(24) – C(24) 110.6(6)   
C(21) – Au(2) – C(22) 89.1(3) C(22) – Au(2) – C(23) 90.5(2) 
C(21) – Au(2) – C(23) 179.0(3) C(22) – Au(2) – C(24) 177.6(3) 
C(21) – Au(2) – C(24) 91.1(3) C(23) – Au(2) – C(24) 89.3(3) 
Au(2) – C(21) – N(21) 176.1(6) Au(2) – C(23) – N(23) 178.5(6) 
Au(2) – C(22) – N(22) 175.1(6) Au(2) – C(24) – N(24) 177.0(7) 
C(21) – Au(2) – N(13)# 93.0(2) C(23) – Au(2) – N(13)# 87.9(2) 
C(22) – Au(2) – N(13)# 82.4(2) C(24) – Au(2) – N(13)# 95.2(2) 
C(21) – Au(2) – N(31) 94.9(2) C(23) – Au(2) – N(31) 84.4(2) 
C(22) – Au(2) – N(31) 106.3(2) C(24) – Au(2) – N(31) 76.1(2) 
Au(2) – N(13)#– C(13)# 112.4(5) Au(2) – N(31) – C(31) 107.4(5) 
N(13)#– Au(2) – N(31) 168.39(17)   
C(31) – Au(3) – C(32) 90.0(2) C(32) – Au(3) – C(33) 92.5(3) 
Continued on next page…   
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Selected Atoms Angle Selected Atoms Angle 
C(31) – Au(3) – C(33) 177.4(3) C(32) – Au(3) – C(34) 177.4(3) 
C(31) – Au(3) – C(34) 87.7(2) C(33) – Au(3) – C(34) 89.8(3) 
Au(3) – C(31) – N(31) 177.2(6) Au(3) – C(33) – N(33) 179.3(8) 
Au(3) – C(32) – N(32) 177.8(7) Au(3) – C(34) – N(34) 175.5(7) 
C(31) – Au(3) – N(34)‡ 88.8(3) C(33) – Au(3) – N(34)‡ 91.9(2) 
C(32) – Au(3) – N(34)‡ 87.6(2) C(34) – Au(3) – N(34)‡ 93.6(2) 
Au(3) – N(34)‡– C(34)‡ 118.8(5)   
Symmetry transformations: * ) -1/2+x, -1/2-y, -1-z; ‡ ) 1/2+x, -3/2-y, -1-z; # ) 
1+x, y, z 
Examination of the arrangement of the ions along the a-axis of the crystal 
structure shows the formation of a series of alternating [Co(NH3)6]
3+ and [Au(CN)4]
- 
layers with the four water molecules lying within the cationic layer, as shown in Figure 
2.10b.  This layered arrangement is reminiscent of the layering observed in trans-
[Co(en)2Cl2][Au(CN)4], where extensive Au-N interactions were observed within 
[Au(CN)4]
- layers.  With the formation of layers in [Co(NH3)6][Au(CN)4]3·4H2O, Au-N 
interactions are observed between the adjacent [Au(CN)4]
- anions.  There are four 
crystallographically unique, relatively short Au-N interactions.  These interactions 
result in octahedral coordination of Au(2) while Au(1) and Au(3) each display square 
pyramidal coordination (Au(1)–N(24) = 3.052(7) Å; Au(2)–N(13)# = 3.010(6) Å, 
Au(2)–N(31) = 3.022(6); Au(3)–N(34)‡ = 3.004(6) Å; # ) 1+x, y, z; ‡ ) 1/2+x, -3/2-y, -
1-z).  It appears that when the gold atoms experience weak coordination by one or two 
axial ligands, there is little displacement of the C-bound cyanides away from the 
equatorial plane and the square planar geometry is conserved.  Figure 2.11 shows the 
network of aggregated [Au(CN)4]
- anions. 
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Figure 2.11 Network of [Au(CN)4]
- anions formed by Au-N interactions.  Four 
crystallographically unique Au-N interactions exist, resulting in 
octahedral coordination of Au(2), while Au(1) and Au(3) are 
coordinated in a square pyramidal fashion.  (Symmetry 
transformations: * ) -1/2+x, -1/2-y, -1-z; † ) -1/2+x, -3/2-y, -1-z; ‡ 
) 1/2+x, -3/2-y, -1-z; # ) 1+x, y, z; $ ) 1/2+x, -1/2-y, -1-z) 
  Hydrogen bonding appears to play a large role in the packing of this compound; 
terminal nitriles act as hydrogen bond acceptors to both coordinated amine ligands and 
interstitial water molecules.  A model of the hydrogen bonding in this compound was 
proposed based on the relative orientations of hydrogen bond donor and acceptor 
groups.  Hydrogen atoms were placed according to this model, but there was ambiguity 
regarding the hydrogen bonding around the water molecule containing O(1), as there 
are three possible hydrogen bond acceptors within reasonable distances for hydrogen 
bonding.  Of these acceptor groups, one cyano-nitrile is significantly closer than the 
other two groups; as a result, O(1) only has one hydrogen atom attached to it in the 
proposed model.  Hydrogen bonding appears to facilitate the layering between cations 
and anions in this compound; the terminal nitriles appear to all be involved in either 
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hydrogen bonds, short Au-N interactions, or weak Au-N interactions slightly longer 
than 3.27 Å. 
2.2.1.6 Synthesis and Structure of K[Co(NH3)5][Au(CN)4]4 
The reaction of aqueous [CoCl(NH3)5]Cl2 with aqueous KAu(CN)4 was targeted 
to examine a cation with intermediate charge and coordination geometry between trans-
[Co(en)2Cl2]
+ and [Co(NH3)6]
3+.  Upon performing this reaction, slow evaporation of 
the pink solution resulted in deposition of pink crystals of K[Co(NH3)5][Au(CN)4]4 in 
low yield after six weeks as part of a mixture of products (pink and colourless crystals).  
The intended product of this reaction was [Co(NH3)5Cl][Au(CN)4]2, although the 
absence of [Co(NH3)5Cl]
2+ suggests that the Co-bound chloride present in the starting 
material was displaced by the cyano-nitrile of [Au(CN)4]
- in formation of 
K[Co(NH3)5][Au(CN)4]4.  Examining the IR spectrum of this compound shows that the 
cyanide stretching frequencies are at 2200, 2190, and 2187 cm-1.  This suggests that the 
cyanide ligands in this structure are bridging given that the %CN bands are shifted from 
those observed for [nBu4N][Au(CN)4].  However, the %CN bands are very weak, which 
confounds more detailed analysis.  Because of the low yield and mixture of products, an 
elemental analysis could not be determined for this compound. 
Determining the X-ray crystal structure of this compound reveals a coordination 
polymer of [Co(NH3)5]
3+ complex cations bridged by [Au(CN)4]
- anions to octahedrally 
coordinated K+ cations.  The [Au(CN)4]
- anion incorporating Au(1) has three bridging 
nitriles; C(11)-N(11) displaces the coordinated chloride from the [Co(NH3)5Cl]
2+ 
starting material to bridge Co(1) and Au(1) while C(13)-N(13) and C(14)-N(14) each 
coordinate to crystallographically equivalent K(1) cations (Co(1)–N(11) = 1.919(5) Å; 
K(1)–N(13) = 2.752(9) Å; K(1)#–N(14) = 3.272(9) Å; # ) 1+x, y, z).  These K-N bond 
lengths are similar to those observed for other cyanometallates bound to potassium 
cations, which can range from 2.754(10) to 3.351(10).161, 162  Each K(1) cation is 
coordinated as a distorted octahedron; in addition to coodination by C(13)-N(13) and 
C(14)-N(14) originating from Au(1), K(1) is also coordinated by two unique C(31)-
N(31) nitriles originating from two Au(3) atoms as well as two distinct C(21)-N(21) 
nitriles originating from two Au(2) atoms.  Thus, three unique [Au(CN)4]
- anions in this 
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structure, Au(1), Au(2), and Au(3), are responsible for bridging adjacent K(1) cations, 
forming a three-dimensional network.  Figure 2.12 shows the infinite ladder-type 
network formed by Co(1), Au(1), K(1), and Au(3); a similar network is formed by 
K(1), Au(2), and Au(3).  Bond lengths and angles for this structure are collected in 
Table 2.13. 
 
Figure 2.12 The infinite network formed by [Au(CN)4]
- coordination of K(1) 
atoms in K[Co(NH3)5][Au(CN)4]4.  The [Au(CN)4]
- anions 
incorporating Au(2) and Au(4) have been removed for clarity.  
(Symmetry transformations: * ) x, y, 1+z; † ) 1-x, 1-y, -z; ‡ ) -1-x, 
1-y, 3-z; # ) -1+x, y, z; $ ) -1-x, 1-y, 4-z; " ) x, !-y, z ) 
Table 2.13 Selected bond lengths (Å) and angles (deg) for 
K[Co(NH3)5][Au(CN)4]4 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 2.004(6) Au(1) – C(13) 1.976(8) 
Au(1) – C(12) 1.990(9) Au(1) – C(14) 2.021(9) 
C(11) – N(11) 1.124(8) C(13) – N(13) 1.144(11) 
C(12) – N(12) 1.127(11) C(14) – N(14) 1.122(11) 
Au(2) – C(21) 1.999(5) Au(2) – C(22) 1.997(5) 
Continued on next page…   
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Selected Atoms Bond Length Selected Atoms Bond Length 
C(21) – N(21) 1.123(6) C(22) – N(22) 1.128(7) 
Au(3) – C(31) 1.989(6) Au(3) – C(32) 1.991(6) 
C(31) – N(31) 1.136(7) C(32) – N(32) 1.136(7) 
Au(4) – C(41) 2.002(6) Au(4) – C(42) 1.989(6) 
C(41) – N(41) 1.132(7) C(42) – N(42) 1.135(7) 
Co(1) – N(1) 1.955(4) Co(1) – N(3) 1.947(5) 
Co(1) – N(2) 1.939(5) Co(1) – N(4) 1.964(6) 
K(1) – N(13) 2.752(9) K(1) – N(21)" 2.791(5) 
K(1) – N(14)* 3.272(9) K(1) – N(31) 2.737(6) 
K(1) – N(21) 2.791(5) K(1) – N(31)" 2.737(6) 
Au(1) – N(42)% 2.984(6) Au(2) – N(42) 2.958(6) 
Au(1) ••• Au(2) 5.058 Au(3) – Au(4) 5.074 
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 92.1(3) C(12) – Au(1) – C(13) 86.9(4) 
C(11) – Au(1) – C(13) 179.0(4) C(12) – Au(1) – C(14) 177.9(3) 
C(11) – Au(1) – C(14) 89.9(3) C(13) – Au(1) – C(14) 91.0(4) 
Au(1) – C(11) – N(11) 179.0(6) Au(1) – C(13) – N(13) 176.5(11) 
Au(1) – C(12) – N(12) 174.9(8) Au(1) – C(14) – N(14) 179.4(7) 
C(13) – N(13) – K(1) 168.8(11) C(14) – N(14) – K(1)# 124.5(6) 
C(11) – Au(1) – N(42)% 95.41(11) C(13) – Au(1) – N(42)% 84.66(11) 
C(12) – Au(1) – N(42)% 94.17(12) C(14) – Au(1) – N(42)% 85.63(12) 
C(11) – Au(1) – N(42)$ 95.41(11) C(13) – Au(1) – N(42)$ 84.66(11) 
C(12) – Au(1) – N(42)$ 94.17(12) C(14) – Au(1) – N(42)$ 85.63(12) 
Au(1) – N(42)%– C(42)% 120.8(5) N(42)%– Au(1) – N(42)$ 166.1(2) 
C(21) – Au(2) – C(22) 90.5(2) C(22) – Au(2) – C(21)% 89.5(2) 
C(21) – Au(2) – C(21)% 180 C(22) – Au(2) – C(22)% 180 
C(21) – Au(2) – C(22)% 89.5(2) C(21)%– Au(2) – C(22)% 90.5(2) 
Au(2) – C(21) – N(21) 179.0(5) Au(2) – C(22) – N(22) 178.7(6) 
C(21) – N(21) – K(1) 123.1(4)   
Continued on next page…   
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Selected Atoms Angle Selected Atoms Angle 
C(21) – Au(2) – N(42) 87.15(19) C(21)%– Au(2) – N(42) 92.85(19) 
C(22) – Au(2) – N(42) 93.5(2) C(22)%– Au(2) – N(42) 86.5(2) 
C(21) – Au(2) – N(42)% 92.85(19) C(21)%– Au(2) – N(42)% 87.15(19) 
C(22) – Au(2) – N(42)% 86.5(2) C(22)%– Au(2) – N(42)% 93.5(2) 
Au(2) – N(42) – C(42) 120.8(5) N(42) – Au(2) – N(42)% 180 
C(31) – Au(3) – C(32) 89.2(3) C(32) – Au(3) – C(31)† 90.8(3) 
C(31) – Au(3) – C(31)† 180 C(32) – Au(3) – C(32)† 180 
C(31) – Au(3) – C(32)† 90.8(3) C(31)†– Au(3) – C(32)† 89.2(3) 
Au(3) – C(31) – N(31) 178.1(6) Au(3) – C(32) – N(32) 177.1(6) 
C(31) – N(31) – K(1) 157.2(6)   
C(41) – Au(4) – C(42) 93.3(2) C(42) – Au(4) – C(41)& 86.7(2) 
C(41) – Au(4) – C(41)& 180 C(42) – Au(4) – C(42)& 180 
C(41) – Au(4) – C(42)& 86.7(2) C(41)&–Au(4) – C(42)& 93.3(2) 
Au(4) – C(41) – N(41) 176.0(6) Au(4) – C(42) – N(42) 174.9(6) 
Au(1)%– N(42) – Au(2) 116.68(19)   
Symmetry transformations: * ) x, y, 1+z; † ) 1-x, 1-y, -z; # ) -1+x, y, z; " ) x, !-
y, z; % ) -x, 1-y, 1-z; $ ) -x, -1/2+y, 1-z; & ) -x, 1-y, -z 
The network is propagated through many bridging [Au(CN)4]
- anions.  A K-NC-
Au-CN-K bridge is formed by K(1)-N(31)-C(31)-Au(3)-C(31)†-N(31)†-K(1)†.  Another 
nitrile originating from a different Au(3), C(31)"-N(31)" coordinates in a cis fashion to 
K(1), such that these K(1)-Au(3) bridges repeat in a zig-zag fashion (K(1)–N(31)" = 
2.737(6) Å; " ) x, 1/2-y, z).  Au(1) also bridges two K(1) cations through cis C(13)-
N(13) and C(14)-N(14) nitriles, forming a K(1)-N(13)-C(13)-Au(1)-C(14)-N(14)-K(1)# 
chain that propagates in a different direction than the Au(3)-linked one.  Furthermore, 
Au(2) contains two crystallographically equivalent trans nitriles, C(21)-N(21) and 
C(21)"-N(21)", where each coordinates to K(1), such that a chain is formed by these 
ligands (K(1)–N(21) = 2.791(5) Å).  Thus, K(1) atoms are bridged by three unique 
[Au(CN)4]
- units, each of which is responsible for propagation of a chain; combined, 
these chains result in a three dimensional network.  
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In addition to the weak coordinate bonds between the nitrile ligands and 
potassium atoms, there are also weak nitrile-gold interactions that contribute to the 
stability of the structure.  Of the four [Au(CN)4]
- building blocks, three bridge K(1) 
cations but the fourth, containing Au(4) is apparently in free space.  Closer inspection 
reveals that two of its crystallographically equivalent trans nitriles, C(42)%-N(42)% and 
C(42)*-N(42)* each coordinate weakly to both Au(1) and Au(2) (Au(1)–N(42)% = 
2.984(6) Å; Au(2)#–N(42)% = 2.958(6) Å; # ) x, y, -1+z; % ) -x, 1-y, 1-z; * ) x, y, 1+z).  
This coordination mode results in octahedral coordination of both Au(1) and Au(2), 
with each atom showing large axial elongation.  Each of these C(42)-N(42) cyanides 
are C-bound to Au(4) in addition to participating in Au-N interactions with both Au(1)% 
and Au(2).  Thus, the C(42)-N(42) cyano-nitrile ligand is µ3 through coordination of 
these three Au(III) atoms, which is previously unobserved for [Au(CN)4]
-. 
Although hydrogen-bonding is absent in this structure, the weak coordinate 
bonding of terminal nitriles to K(1) essentially acts in the same manner, withdrawing 
electrons from the antibonding orbital of the nitrile in order to stabilize the K+ cation.  
This structure fits well in the series; incorporation of an electropositive group that 
withdraws electron density from the Au(III) centre through the cyanonitriles appears to 
induce Au-N interactions. 
2.2.1.7 Synthesis and structure of [Hdabco][Au(CN)4] 
The reaction between aqueous Zn(ClO4)2·6H2O with an aqueous solution of the 
dabco ligand, followed by addition of an aqueous solution of KAu(CN)4 (with the 
intended product being Zn(µ-dabco)[Au(CN)4]2) deposited a mixture of colourless 
crystals including [Hdabco][Au(CN)4] after one day.  Protonation of the ligand 
occurred without addition of acid, but this can be attributed to the Lewis acidity of the 
aqueous Zn(II) cation. 
[Hdabco][Au(CN)4] could be synthesized rationally by mixing aqueous 
solutions of [Hdabco]Cl and KAu(CN)4; crystals of [Hdabco][Au(CN)4] were then 
collected by vacuum filtration.  IR analysis showed the presence of C-H bonds 
attributable to the dabco ligand and %CN resonances at 2196 and 2184 cm
-1.  These 
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cyanide stretching frequencies indicate the presence of bridging cyanide ligands in the 
structure. 
The crystal structure of [Hdabco][Au(CN)4] consists of two [Au(CN)4]
- anions 
on special positions, such that both Au(1) and Au(2) are each coordinated by two pairs 
of crystallographically equivalent nitrile ligands; the asymmetric unit of this compound 
is shown in Figure 2.13a.  The location of [Au(CN)4]
- on special positions results in 
half occupancy for each anion such that only one cation is required to balance the 
charge in the asymmetric unit.  A hydrogen bond exists in this structure between the 
protonated amine of the dabco ligand, N(2) and a nitrile originating from Au(1), C(11)-
N(11), which can also be seen in Figure 2.10a (N(11)•••H(23)–N(2) = 2.869(5) Å, 
C(11)–N(11)•••H(23)–N(2) = 162.3(3)°).  This hydrogen bond is shorter than those 
seen in [trans-Co(en)2Cl2][Au(CN)4], which is 2.997(17) Å; however, it is in the range 
of cyano-nitrile hydrogen bonds observed in Chapter 3, which range from 2.75 to 2.93 
Å.  The crystallographically equivalent trans nitrile also participates in a hydrogen 
bond, such that each Au(1) [Au(CN)4]
- anion bridges two Hdabco+ cations through 
hydrogen bonding.  Bond lengths and angles for this structure are collected in Table 
2.14. 
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Figure 2.13 (a) The asymmetric unit of [Hdabco][Au(CN)4], which exhibits 
hydrogen bonding between N(11)•••H(23)–N(2).  In (b), the 
extended structure can be seen, where [Au(CN)4]
- and Hdabco+ 
ions form an extended network through hydrogen bonding and Au-
N interactions.  (Symmetry transformations: * ) -x, 1-y, -z; † ) -x, 
-y, -z; ‡ ) 1-x, -1/2+y, 1/2-z; " ) 1+x, 1/2+y, 1/2-z; , ) 1-x, 1/2+y, 
1/2-z; " ) -1+x, 1/2-y, -1/2+z; £ ) x, -1-y, z; $ ) -1+x, -1/2+y, -1/2-
z) 
In addition to the hydrogen bonding observed in this structure, two [Hdabco]+ 
cations weakly coordinate to the vacant axial sites of Au(1) through an unprotonated 
amine, N(1).  Thus, Au(1) is weakly octahedral, with a large axial elongation (Au(1)–
N(1), = 2.932(2) Å; , ) 1-x, 1/2+y, 1/2-z).  It is worth noting that this Au-N interaction 
is shorter than the Au–NC-Au interactions observed elsewhere in this chapter, 
suggesting that the alkyl amine group of the [Hdabco]+ ligand is more Lewis basic than 
the terminal cyanonitriles of [Au(CN)4]
-.  The hydrogen bonds and weak amine-gold 
coordinate bonds facilitate propagation of chains of Hdabco+ and [Au(CN)4]
- in two 
dimensions, which collectively form a (4,4) net, which can be seen in Figure 2.13b.28  
The anion containing Au(2) lies in the open spaces formed by this net and does not 
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participate in hydrogen bonding or Au-N interactions.  Adjacent nets pack with weak 
van der Waals forces; there do not appear to be any Au-Au or Au-N interactions 
responsible for packing between layers. 
Table 2.14 Selected bond lengths (Å) and angles (deg) for [Hdabco][Au(CN)4] 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 1.989(3) Au(1) – C(12) 2.001(4) 
C(11) – N(11) 1.145(4) C(12) – N(12) 1.131(4) 
Au(2) – C(21) 1.999(5) Au(2) – C(22) 1.996(5) 
C(21) – N(21) 1.121(4) C(22) – N(22) 1.139 
N(1) – C(1) 1.462(4) N(2) – C(2) 1.483(4) 
N(1) – C(3) 1.465(4) N(2) – C(4) 1.472(5) 
N(1) – C(5) 1.439(4) N(2) – C(6) 1.488(5) 
C(1) – C(2) 1.534(4) C(3) – C(4) 1.526(4) 
C(5) – C(6) 1.516(4) N(21) ••• H(23) – N(2) 2.869(5) 
Au(1) – N(1), 2.932(2) Au(1) ••• Au(2)& 6.158 
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 91.16(14) C(12) – Au(1) – C(11)* 88.84(14) 
C(11) – Au(1) – C(11)* 180 C(12) – Au(1) – C(12)* 180 
C(11) – Au(1) – C(12)* 88.84(14) C(11)*–Au(1) – C(12)* 91.16(14) 
Au(1) – C(11) – N(11) 178.3(3) Au(1) – C(12) – N(12) 179.3(3) 
C(11) – Au(1) – N(1), 89.45(10) C(11)*– Au(1) – N(1), 90.55(10) 
C(12) – Au(1) – N(1), 92.93(10) C(12)*– Au(1) – N(1), 89.07(10) 
N(1),– Au(1) – N(1)" 180   
C(21) – Au(2) – C(22) 89.60(16) C(22) – Au(2) – C(21)† 90.40(16) 
C(21) – Au(2) – C(21)† 180 C(22) – Au(2) – C(22)† 180 
C(21) – Au(2) – C(22)† 90.40(16) C(21)†– Au(2) – C(22)† 89.60(16) 
Au(2) – C(21) – N(21) 179.3(5) Au(2) – C(22) – N(22) 179.1(4) 
C(12) – N(21) ••• N(2) 162.3(3)   
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Symmetry transformations: * ) -x, 1-y, -z; † ) -x, -y, -z; , ) 1-x, 1/2+y, 1/2-z; " 
) -1+x, 1/2-y, -1/2+z; & ) -x, 1/2+y, 1/2-z 
2.3 Discussion 
2.3.1 Influences of the cation on [Au(CN)4]
- aggregation 
Structural patterns in these crystal structures agree with previously reported 
[Au(CN)4]
--based compounds, which indicate that aurophilic interactions are not 
observed but Au-N interactions can occur.126-128  Thus, although few Au-Au 
interactions have been observed for Au(III) compounds in general, and never for 
[Au(CN)4]
- to date, self-aggregation of [Au(CN)4]
- in the solid state appears to rely on 
Au-N interactions.  This preference may be due to the Lewis acidity of Au(III), which 
results from its high oxidation state.  In turn, the Lewis basic nitrile groups may be 
employed to stabilize the gold atoms by coordination to vacant axial sites. 
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Table 2.15 Comparison of compounds presented in Chapter 2, their minimum 
Au-Au distances, Au-N distances, and observed %CN
 IR bands 
Compound Minimum Au-
Au  distances 
(Å) 
Minimum Au-
N distances 
(Å) 
Observed %CN 
bands in IR 
(cm-1) 
[nBu4N][Au(CN)4] 8.118 6.137(4) 2183 
[AsPh4][Au(CN)4] 4.342 3.266(2) 2192, 2181, 
2179 
[N(PPh3)2][Au(CN)4] 8.249 5.665(5) 2179 
[Co(phen)3][Au(CN)4]2 4.815 3.357(6) 2199, 2190, 
2185, 2180 
[Mn(terpy)2][Au(CN)4]2 4.963 3.228(17) 2188 
[Ni(terpy)2][Au(CN)4][ClO4]!(H2O) 4.509 3.228(8) 2191, 2178 
trans-[Co(en)2Cl2][Au(CN)4] 5.935 3.072(13) 2186 
[Ni(en)3][Au(CN)4]2 4.401 3.056(5), 
3.082(5) 
2185, 2176 
[Co(NH3)6][Au(CN)4]3!(H2O)4 4.975, 5.099 3.004(6), 
3.010(6), 
3.022(6), 
3.052(7) 
2191, 2189 
K[Co(NH3)5][Au(CN)4]4 5.058, 5.074 2.958(6), 
2.984(6) 
2200, 2190, 
2187 
[Hdabco][Au(CN)4] 6.158 2.958(6) 2196, 2184, 
2175 
All FT-IR spectra are measured as KBr pellets with a resolution of ± 1 cm-1. 
  63 
Table 2.15 compares the compounds presented in this chapter by their minimum 
Au-Au distances, Au-N distances (or length of Au-N bonds, where appropriate), and 
observed %CN bands.  Notably, weak Au-N interactions are observed for [M(terpy)2]
2+ 
(M = Mn, Ni) salts, although the interactions for these compounds are longer than those 
observed in salts where the cation is capable of hydrogen bonding with the [Au(CN)4]
- 
anion.  Also worth noting is that although some shifts are seen in the %CN bands of the 
FT-IR spectra, the low intensity of these bands complicate their value in prediction of 
the presence of Au-N interactions.   Furthermore, no trend is seen for shifted %CN bands 
from 2183 cm-1 (as seen for terminal, isolated cyano-nitriles in [nBu4N][Au(CN)4]) that 
could be used to indicate Au-N interactions.  The expectation that the %CN bands for 
cyano-nitriles bridging Au(III) atoms in Au-N interactions would be blue-shifted is 
difficult to assess, because of the weakness of these bands in [Au(CN)4]
-.126, 150 
Compounds where the cation is a hydrogen bond donor, including trans-
[Co(en)2Cl2][Au(CN)4], [Ni(en)3][Au(CN)4]2, [Co(NH3)6][Au(CN)4]3·4H2O, and 
[Hdabco][Au(CN)4] all exhibit significant Au-N interactions in the solid state, ranging 
from 2.958(6) to 3.082(5) Å, as outlined in Table 2.15.  With the exception of 
[Ni(en)3][Au(CN)4]2, each of these compounds show terminal nitrile groups 
participating in hydrogen bonding to the cation.  It appears that when a terminal nitrile 
acts as a hydrogen bond acceptor electron density is withdrawn from the [Au(CN)4]
- 
molecule to some degree.  In turn, this diminishes the electron density available to 
stabilize the Au(III) atom.  Formation of hydrogen bonding may increase the Lewis 
acidity of the highly oxidized Au(III) atom, making intermolecular Au-N interactions 
more favourable. 
In the case of [Ni(en)3][Au(CN)4]2, one possible explanation for the absence of 
hydrogen bonding, but the presence of Au-N interactions may be that the en ligands on 
the cation are slightly polarized due to the electronegativity of the C-N bonds.  This 
polarization could change the polarization of the [Au(CN)4]
- molecules due to the close 
packing of the en ligands and nitriles, which in turn could induce Au-N interactions.  
An experiment to examine this hypothesis may be to synthesize a compound where 
highly-polarized ligands that are unable to participate in hydrogen bonding are 
employed, such as [Ni(DMSO)6][Au(CN)4]2. 
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It appears that in general, when cyano-nitrile groups in [Au(CN)4]
- bridge to 
other groups such as hydrogen bond donors or metal cations, the Lewis acidity of the 
central Au(III) atom is increased in turn.  This can promote formation of Au-N 
interactions.  In the case of [Hdabco][Au(CN)4], hydrogen bonds are formed between 
the protonated aliphatic amine of the dabco ligand and terminal nitriles.  As a result, 
weak axial binding to the central Au(III) atom is observed, although the coordinating 
ligand is actually the other, unprotonated aliphatic amine from the dabco ligand.  This is 
a more favourable Au-N interaction that would be formed by coordination of a terminal 
nitrile, as the free [Au(CN)4]
- molecule remains in the interstitial spaces of the network.  
This preference suggests that the dabco amine group is more basic than the cyanonitrile 
group of [Au(CN)4]
-. 
Similar coordination is observed between the Lewis acidic [Co(NH3)5]
3+ and K+ 
cations and the terminal nitriles in the structure of K[Co(NH3)5][Au(CN)4]4.  Bridging 
of cations is performed by both Au(1)- and Au(3)-containing [Au(CN)4]
- units, which 
bridge [Co(NH3)5]
3+/K+, and two K+ cations, respectively.  Given these similarities in 
coordination, one might predict that both Au(1) and Au(3) would participate in Au-N 
interactions, however, such interactions are only observed for Au(1).  The bridging of 
two K+ cations by Au(3) appear to withdraw relatively less electron density from the 
[Au(CN)4]
- unit compared to the coordination of [Co(NH3)5]
3+/K+ exhibited by Au(1).  
This difference may account for the discrepancy observed for Au-N interactions for the 
Au(1) and Au(3) [Au(CN)4]
- units.  However, the [Au(CN)4]
- unit containing Au(2) 
bridges two K+ cations in a similar way as Au(3), but differs in that it is axially 
coordinated by two cyanonitriles.  Thus, Au(3) may not participate in Au-N interactions 
because of crystal packing and steric interference rather than because of its Lewis 
basicity compared to Au(1). 
Previously synthesized coordination polymers employing [Au(CN)4]
- have also 
shown a number of Au-N interactions.126  These compounds include 
Cu(dien)[Au(CN)4]2, Cu(en)2[Au(CN)4]2, [Cu(dmeda)2Au(CN)4][Au(CN)4], and 
[Cu(bipy)(H2O)2(Au(CN)4)0.5][Au(CN4]1.5, which exhibited Au-N distances of 
3.002(14), 3.035(8), 2.963(13), and 3.052(9) Å, respectively.126  While each of the 
polymeric structures only exhibited one Au-N interaction, they are slightly shorter than 
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the non-polymeric salts described in this work.  These shorter interactions may be due 
to greater redistribution of electron density from Au(III) to Cu(II) upon bridging by the 
nitriles, compared to what has been observed here where nitriles bridge Au atoms and 
form hydrogen bonds or weak interactions to K+ atoms.  The fact that each of these 
structures only exhibit one unique Au-N interaction may be due to the polymeric nature 
of the structures; each [Au(CN)4]
- molecule that propagates the chain must employ at 
least two CN moieties, decreasing the number of terminal nitriles available for 
coordination to Au(III).  Thus, in addition to hydrogen bonding, it appears that 
formation of Au(III)-CN-M bridges is also favourable to formation of Au-N 
interactions. 
Cationic charge may have been expected to play a role in the formation of Au-N 
interactions, since highly charged cations require more [Au(CN)4]
- molecules for charge 
balance.  Increasing the relative number of [Au(CN)4]
- anions decreases the effect of 
sterically bulky cations, which can effectively isolate anions and prevent formation of 
Au-N interactions.  However, comparing structures with bulky cations in monovalent 
[AsPh4][Au(CN)4] and [N(PPh3)2][Au(CN)4] and divalent [Mn(terpy)2][Au(CN)4]2 and 
[Co(phen)3][Au(CN)4]2 suggest that this may be a very minimal effect.  Weak Au-N 
interactions are absent in all of these structures (with the exception of 
[Mn(terpy)2][Au(CN)4]2, which exhibits very long, Au-N interactions of 3.228(17) Å).  
Given the guideline that Au-N interactions are no longer than 3.12-3.27 Å, these 
interactions appear to be marginal depending on which van der Waals radius of nitrogen 
is employed.  Thus, [Au(CN)4]
- self aggregation appears to be very slightly influenced 
by cationic charge for cations with a relatively uniform electronic topology, such as 
those with large aromatic or aliphatic groups, making cationic charge a minor factor. 
This interpretation of the effect of charge on Au-N interaction agrees with the 
series of hydrogen bonding compounds.  The cationic charge and the relative number of 
[Au(CN)4]
- anions are directly proportional and increasing the number of 
crystallographically unique [Au(CN)4]
- units result in more complex Au-N networks.  
In these compounds, there is not a trend in the Au-N lengths that would suggest that 
Au-N interactions depend on the number of [Au(CN)4]
- anions. 
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Shape and aromaticity of the cation appears to play a minimal, if any, role in 
self-aggregation of [Au(CN)4]
- anions.  The [nBu4N][Au(CN)4], [AsPh4][Au(CN)4], and 
[N(PPh3)2][Au(CN)4] salts differ by the shape and aromaticity of their respective 
cations.  In each of these structures, the [Au(CN)4]
- anions are isolated from one 
another, which may be a result of the large steric bulk of each of these cations, but may 
also be due in part to the equivalent number of cations and anions in each of these 
structures.  An interesting further experiment would be to compare the structures of 
KAu(CN)4 or [NH4][Au(CN)4], whose smaller cations may interfere less with formation 
of Au-N interactions. 
Together, the structures described in this section show that Au-N interactions 
are favoured when electron density is shifted from the nitriles to a Lewis acidic group 
such as a metal or a hydrogen bond donor through CN-bridging.  Bridging diminishes 
the electron density available for stabilization of Au(III), making it more Lewis acidic.  
In turn, this increase in acidity promotes formation of weak coordination of terminal 
nitriles or other N-donor groups to the axial site of the Au(III) atom.  Given this 
proposed sequence, it is not surprising that the shape, size, and aromaticity of the cation 
do not have any effect on formation of Au-N interactions, and that charge has minimal 
effect.  It is also notable that aurophilic interactions were not observed in any of these 
or previously reported structures.  These observations and the understanding of 
[Au(CN)4]
- aggregation may enable effective crystal engineering of coordination 
polymers incorporating [Au(CN)4]
-, where the ability to induce Au-N interactions may 
be a useful design tool to increase structural dimensionality. 
2.3.2 Comparing d8 metal stacking for [Pt(CN)4]
2- and [Au(CN)4]
- 
One initial aim of this study was to determine whether metallophilic interactions 
are possible for Au(III) when incorporated into [Au(CN)4]
-.  Many neutral, cationic, and 
anionic Pt(II) complexes exhibit stacking interactions, including [Pt(CN)4]
2-.  However, 
this has not been observed for Au(III) except in [N(CH3)4][Au(N3)4] and 
[Au(bipy)Cl2][AuBr4].
117, 145  At first glance, it appears that metallophilic interactions 
involving [Au(CN)4]
- should be more favourable than those involving [Pt(CN)4]
2- given 
the additional energy required to overcome the greater electrostatic repulsive forces of 
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two dianions.  However, since aurophilic interactions are, in fact, not observed, the 
electronics of the [Pt(CN)4]
2- anion must be more favourable for metallophilic bond 
formation. 
 
Figure 2.14 Molecular orbital diagram of stacked [Pt(CN)4]
2- anions with and 
without interactions of the adjacent axial orbitals.140 
Analysis of the molecular orbitals involved in formation of Pt(II) stacks 
suggests that upon Pt(II) stacking, the occupied 5dz2 and unoccupied 6pz atomic orbitals 
each split into bonding a1g and antibonding a2u molecular orbitals, as shown in Figure 
2.14.140  Two electrons are present in each of the 5dz2 atomic orbitals such that the 
lower energy pair of molecular orbitals are filled; formation of these molecular orbitals 
does not explain the attractive forces that lead to bonding.  However, the non-
degenerate sets of a1g and a2u molecular orbitals repel one another such that the lower 
energy orbital is stabilized while the higher energy orbital is destabilized.  This 
stabilization of both the lower energy orbitals is the driving force for formation of 
Pt(II)-Pt(II) stacks, since the overall energy of the system is lowered upon stabilization.  
This theory also helps to explain why there is a relationship between colour and Pt-Pt 
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distance.163  Previous studies have observed that the energy of absorption for alkali 
earth salts of [Pt(CN)4]
2- increases as the Pt-Pt distance decreases, indicating that the 
energy difference between the HOMO and LUMO increases as the Pt-Pt interactions 
become shorter.141-144, 163, 164 
A series of M[M"(CN)4] (M = group II metal; M" = Ni, Pd, and Pt) salts were 
synthesized to examine whether Ni(II) and Pd(II) cyanometallates exhibit metallophilic 
bonding like their Pt(II) counterpart.140  These studies showed that although many of 
these salts were isostructural and that [M"(CN)4]
2- species formed stacks, the periodic 
distance between M"(II) atoms was much longer for Ni(II) and Pd(II) compared to 
Pt(II).  Only [Pt(CN)4]
2- salts showed Pt(II) distances less than 3.25 Å.  This indicated 
that metallophilic interactions were specific to Pt(II) in this group; this observation has 
been attributed to the greater size of the 5dz2 orbitals compared to the 3dz2 or 4dz2 
orbitals, which facilitates orbital overlap and formation of intermolecular 
interactions.140 
Using Figure 2.21, the absence of Au(III)-Au(III) stacking interactions can be 
rationalized.  The higher oxidation state of Au(III) compared to Pt(II) causes the crystal 
field stabilization energy (CFSE) to increase for the former ion.  In turn, the 5dz2 orbital 
becomes lower in energy, as it is below the barycentre.  Thus, as the CFSE increases, 
the energy between the 5dz2 and 6pz orbitals also increases.  In the case of [Au(CN)4]
-, 
the strong field ligand prevents effective overlap of these orbitals and Au(III)-Au(III) 
interactions are absent.  For [Au(N3)4]
-, the weak field azide ligands compensate for the 
CFSE increase due to the oxidation state, allowing the 5dz2 and 6pz orbitals to overlap; 
the same argument applies to [Au(bipy)Cl2][AuBr4], given the weak-field nature of the 
chloride and bromide ligands. 
2.4 Conclusions 
This work agrees with previous results in which Au(III)-Au(III) interactions 
were not observed for [Au(CN)4]
- systems.  The results show that when CN-nitriles 
bridge the central Au(III) atom and another group, the Lewis acidity of the central 
Au(III) increases, favouring self-aggregation of the anions by Au-N weak coordinate 
bonding.  While CN-bridging Au(III) and another metal appears to have this effect, CN-
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nitrile participation in weaker interactions such as hydrogen bonding or coordination to 
alkali metals seems to sufficiently destabilize Au(III) as to cause Au-N interactions to 
form.  Nevertheless, the distances of the nitrile ligands to the vacant Au(III)-axial sites 
are quite long, which gives a sense of the weakness of this type of bonding. 
Based on the series of compounds described in this work as well as previously 
reported [Au(CN)4]
- compounds, certain types of cations appear to favor Au-N 
interactions.  The most notable promoting feature appears to be the presence of 
hydrogen bond donor groups incorporated into the cation.  A minor effect appears to be 
the cationic charge, or the relative number of cations and anions.  Finally, shape, size, 
and aromaticity of the cation do not appear to have an effect on the ability of 
[Au(CN)4]
- molecules to form Au-N interactions. 
Unlike other d8 metals, such as Ru(0), Rh(I), Ir(I), Ni(II), Pd(II), or Pt(II), it 
appears that metallophilic stacking interactions are not observed for Au(III).63  One 
possible explanation for this observation is that the higher oxidation state causes the 
5dz2 orbitals to retract so that overlap with the 6pz orbitals is not possible.  This causes 
the molecular orbitals derived from the pairs of 5dz2 and 6pz orbitals to be significantly 
different in energy such that they cannot interact and stabilize the HOMO through 
aurophilic interactions. 
Many [Au(CN)2]
- systems rely on Au(I)-Au(I) interactions to increase structural 
dimensionality, which often results in a very different structure than would be attained 
without Au(I)-Au(I) interactions.  Thus, future work in this area may focus on 
replacement of [Au(CN)2]
- with [Au(CN)4]
- in order to examine how polymers differ 
when aurophilic interactions are not present, particularly in and M(µ2-OH2)2[Au(CN)2]2 
(M = Mn, Fe, Co, Ni, Cu) and Zn[Au(CN)2]2 systems.
36, 37, 54  Coordination polymers 
with [Au(CN)4]
- could also be unique in that when the metal cation is sufficiently Lewis 
acidic, binding of the [Au(CN)4]
- unit could predictably result in axial coordination of 
the Au(III) centre, allowing these polymers to use Au-N interactions to increase 
structural dimensionality. 
Collaborations are underway with the group of Dr. Scott Kroeker of the 
Department of Chemistry at the University of Manitoba to investigate the solid-state 
15N-NMR of some of the compounds described in this chapter.  The preliminary results 
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of this collaboration suggest that compounds exhibiting Au-N interactions show shifted 
15N peaks compared to those observed in compounds with isolated [Au(CN)4]
- anions.  
If this observation is consistent throughout the series of compounds, shifted 15N peaks 
may further strengthen the hypothesis that the bridging cyano-nitriles donate electron 
density to Au(III) Lewis Acidic centres.  More importantly, these findings provide 
spectroscopic support for the hypothesis that the Au-N interaction is a weak coordinate 
bond rather than simply a product of solid-state crystal packing. 
Some of the compounds in this chapter may have applications of their own.  In 
particular, the formation of layers that alternate between cationic complexes and 
[Au(CN)4]
- anions in trans-[Co(en)2Cl2][Au(CN)4] and [Co(NH3)6][Au(CN)4]3·4H2O 
could be potentially useful as dielectric materials. 
2.5 Experimental 
2.5.1 General Experimental Procedures 
All reactions in this and subsequent chapters were performed in air using 
purified solvents.  Reagents were all used as received from commercial sources, with 
the exceptions of [Co(en)2Cl2]Cl, and [Co(NH3)5Cl]Cl2, which were prepared by 
undergraduate inorganic chemists in a teaching laboratory at Simon Fraser University.  
Although difficulties have not been experienced, perchlorate salts are potentially 
explosive and should be handled with care and used in small quantities. 
Infrared spectra were measured using a Pike attenuated total reflection (ATR) 
setup or as KBr pellets on a Thermo-Nicolet Nexus 670 FT-IR spectrometer with a 
resolution of 1 cm-1.  KBr pellets were prepared by manually grinding approximately 1 
mg of sample to a uniform size, mixing in approximately 10 mg of KBr stored in a 
desiccator, then pressing the mixture under high pressure using a dye with two bolts.  
Microanalyses (C, H, N) were performed at Simon Fraser University by Mr. Miki Yang 
or Mr. Frank Haftbaradaran using a Carlo Erba (Model 1106) CHN analyzer. 
Crystallographic data for all compounds is collected in Appendix 1.  X-ray 
crystallographic analysis was performed by mounting crystals onto glass fibers using 
epoxy adhesive.  The data was collected using a Bruker Smart instrument with an 
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APEX II CCD area detector positioned 6.0 cm from the crystal.  The X-ray source was 
a Mo K/ fine-focus sealed tube operated at 1.5 kW (50 kV, 30 mA).  Exposure time for 
each frame was 20 s, where each frame had a scan width of 0.5° in ) or *.  The frames 
were integrated with the Bruker SAINT software package; the data was corrected using 
a face-indexed technique (SADABS). 
The structure of each compound was solved using the CRYSTALS software 
package165 using direct methods (SIR92) and expanded using Fourier techniques.  
Hydrogen atoms were placed geometrically and refined with a riding model to link the 
shifts of the respective carbon and nitrogen atoms.  Diagrams were made using Ortep-3 
(version 2.02)166 and POV-Ray (version 3.6.0)167. 
2.5.2 Synthesis of [nBu4N][Au(CN)4] 
Dropwise addition of tetrabutylammonium bromide, [nBu4N]Br, (0.039 g, 0.12 
mmol) in a 2 mL aqueous solution to a 2 mL aqueous solution of potassium 
tetracyanoaurate, KAu(CN)4, (0.037 g, 0.11 mmol) resulted in a colourless solution.  
This solution was covered with parafilm; slow evaporation yielded X-ray quality, 
colourless crystals of [nBu4N][Au(CN)4] after two weeks, which were filtered and air-
dried.  Yield: 0.043g, 72 %.  Anal. Calcd. for C20H36N5Au: C 44.20 %, H 6.68 %, N 
12.89 %.  Found: C 44.31 %, H 6.68 %, N 13.00 %.  IR (KBr): 2996(m) 2970(st), 
2959(st), 2930(m), 2874(m), 2832(w), 2735(w), %CN: 2183(vw), 1488(st), 1467(m), 
1382(m), 1186(w), 1152(mw), 1106(mw), 1053(mw), 1026(m), 879(m), 747(m) cm-1. 
Polycrystalline [nBu4N][Au(CN)4] can also be prepared with an identical IR 
spectrum and elemental analysis by mixing a 40 mL aqueous solution of [nBu4N]Br 
(1.072 g, 3.325 mmol) with a 60 mL aqueous solution of KAu(CN)4 (1.000 g, 2.940 
mmol).  A white precipitate of [nBu4N][Au(CN)4] forms immediately and was isolated 
by vacuum filtration.  Yield: 1.484 g, 92.87 %. 
2.5.3 Synthesis of [AsPh4][Au(CN)4] 
A 4 mL 50% v/v methanol/water solution of tetraphenylarsonium chloride, 
[AsPh4]Cl, (0.055 g, 0.12 mmol) was added to a 2 mL aqueous solution of potassium 
tetracyanoaurate, KAu(CN)4, (0.036 g, 0.11 mmol).  The resultant colourless solution 
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was covered with parafilm and yielded colourless, X-ray quality crystals of 
[AsPh4][Au(CN)4] after 10 days, which were filtered and air-dried.  Yield: 0.044 g, 92 
%.  Anal. Calcd. for C28H20N4AsAu: C 49.14 %, H 2.95 %, N 8.19 %.  Found: C 49.13 
%, H 2.88 %, N 8.29 %.  IR (ATR): 3160(w), 3085(w), 3060(w), 3026(w), 2658(w), 
2998(w), %CN: 2192(vw), 2180(vw), 1558(w), 1484(m), 1439(st), 1341(mw), 
1310(mw), 1189(mw), 1162(w), 1081(st), 1023(mw), 997(st), 922(w), 843(w) cm-1. 
2.5.4 Synthesis of [N(PPh3)2][Au(CN)4] 
Dropwise addition of bis(triphenylphosphine)iminium chloride, [N(PPh3)2]Cl, 
(0.063 g, 0.11 mmol) in a 6 mL 67% v/v methanol/water solution to a 2 mL aqueous 
solution of potassium tetracyanoaurate, KAu(CN)4, (0.036 g, 0.11 mmol) resulted in a 
white precipitate, which was dissolved upon further addition of 20 mL methanol.  This 
solution was covered with parafilm and X-ray quality colourless crystals of 
[N(PPh3)2][Au(CN)4] formed upon standing for about two weeks, which were then 
filtered and air-dried.  Yield: 0.034 g, 54 %.  Anal. Calcd. for C40H30N5AuP2: C 57.22 
%, H 3.60 %, N 8.34 %.  Found: C 57.22 %, H 3.46 %, N 8.20 %.  IR (ATR): 3060(w), 
3017(w), 2995(w), %CN: 2179(vw), 1588(mw), 1480(mw), 1438(m), 1334(m), 1302(m), 
1181(mw), 1159(w), 1114(st), 998(m), 968(w), 928(w), 854(w), 753(m), 721(st), 
691(st) cm-1. 
2.5.5 Synthesis of [Co(phen)3][Au(CN)4]2 
A 2 mL 50 % v/v methanol/water solution of 1,10-phenanthroline (phen) (0.036 
g, 0.18 mmol) was added to a 3 mL 50 % v/v methanol/water solution of cobalt(II) 
perchlorate, Co(ClO4)2!6H2O, (0.023 g, 0.063 mmol) resulting in an orange solution.  A 
10 mL 50 % v/v methanol/water solution of potassium tetracyanoaurate, KAu(CN)4, 
(0.068 g, 0.20 mmol) was then added to the solution, which resulted in formation of 
orange crystals of [Co(phen)3][Au(CN)4]2 after 1 day, which were then filtered and air-
dried.  Yield: 0.055 g, 73 %.  Anal. Calcd. for C34H24N14Au2Co: C 43.98 %, H 2.01 %, 
N 16.32 %.  Found: C 43.88 %, H 1.78 %, N 15.96 %.  IR (KBr): 3436(m), 3128(w), 
3067(m), 3020(w), 2943(w), 2836(w), %CN: 2199(w), 2190(w), 2185(w), 2180(w), 
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1626(m), 1587(m), 1519(st), 1426(st), 1343(m), 1225(m), 1144(m), 1104(m), 1024(w), 
847(st), 786(m), 725(st), 644(m), 473(m), 458(st), 419(st) cm-1. 
2.5.6 Synthesis of [Mn(terpy)2][Au(CN)4]2 
A 3 mL 50% v/v methanol/water solution of terpyridine (terpy) (0.024 g, 0.10 
mmol) was added to a 2 mL 50% v/v methanol/water solution of manganese(II) 
chloride, MnCl2!6H2O, (0.019 g, 0.052 mmol) resulting in a yellow solution.  A 2 mL 
aqueous solution of potassium tetracyanoaurate, KAu(CN)4, (0.069 g, 0.20 mmol) was 
then added to the solution without any colour change.  The yellow solution was covered 
with parafilm and yellow, X-ray quality crystals of [Mn(terpy)2][Au(CN)4]2 were 
deposited after six days, which were then filtered and air-dried.  Yield: 0.024 g, 43 %.  
Anal. Calcd. for C38H22N14Au2Mn: C 40.62 %, H 1.97 %, N 17.45 %.  Found: C 40.62 
%, H 1.86 %, N 17.07 %.  IR (KBr): 3113(w), 3062(w), 3054(w), 3031(w), 3021(w), 
%CN: 2188(w), 1572(m), 1595(st), 1475(m), 1450(st), 1318(m), 1248(m), 1162(m), 
1115(m), 1108(m), 1099(st), 1086(st), 1014(m), 775(st), 651(m), 624(m), 458(st) cm-1. 
2.5.7 Synthesis of [Ni(terpy)2][Au(CN)4][ClO4]!H2O 
A 5 mL methanolic solution of terpyridine (terpy) (0.022 g, 0.094 mmol) was 
added to a 2 mL aqueous solution of nickel(II) perchlorate, Ni(ClO4)2!6H2O, (0.038 g, 
0.10 mmol) resulting in a yellow solution.  A 5 mL methanolic solution of 
tetrabutylammonium tetracyanoaurate, [nBu4N][Au(CN)4], (0.105 g, 0.207 mmol) was 
then added to the solution, causing the solution to become cloudy.  The fine precipitate 
dissolved after a short while and the solution was covered with parafilm.  After one 
week, brown crystals were deposited; the filtrate was retained and yellow, X-ray quality 
crystals of [Ni(terpy)2][Au(CN)4][ClO4]!(H2O) were deposited six days later, which 
were then filtered, washed with methanol, air-dried, and further characterized.  Yield: 
0.033 g, 74 %.  Anal. Calcd. for C34H24N10AuClNiO5: C 43.27 %, H 2.56 %, N 14.84 
%.  Found: C 45.24 %, H 7.20 %, N 12.71 %.  IR (KBr): 3426(br,w) 2997(m), 2970(st), 
2958(st), 2930(m), 2874(m), 2829(w), 2733(w), %CN: 2200(w), 2192(w) 2183(w), 
1488(m), 1453(m), 1382(m), 1152(m), 1106(m), 1025(m), 880(m), 804(w), 748(m), 
622(w), 459(m) cm-1. 
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2.5.8 Synthesis of trans-[Co(en)2Cl2][Au(CN)4] 
A 5 mL 80 % v/v methanol/water solution of cis-(bis-ethylenediamine) 
cobalt(III) chloride, cis-[CoCl2(en)2]Cl, (0.030 g, 0.11 mmol) was added to a 5 mL 80 
% v/v methanol/water solution of potassium tetracyanoaurate, KAu(CN)4, (0.035 g, 
0.10 mmol) and the purple colour of the initial cobalt solution remained unchanged.  
The solution was covered with parafilm.  After 4 days, green crystals were deposited 
from the purple solution; X-ray quality, green crystals of trans-[Co(en)2Cl2][Au(CN)4] 
were filtered and air-dried.  Yield: 0.030 g, 53 %.  Anal. Calcd. for C8H16N8AuCl2Co: C 
17.44 %, H 2.93 %, N 20.33 %.  Found: C 17.65 %, H 2.58 %, N 20.17 %.  IR (KBr): 
3443(m), 3301(st), 3281(st), 3237(st), 3135(m), 3126(m), 3001(w), 2986(w), 
2959(mw), %CN: 2186(mw), 1584(st), 1450(w), 1282(m), 1218(st), 1124(st), 1054(st), 
1003(m), 794(w), 589(m) cm-1.  Note that isomerisation of cis- to trans-[Co(en)2Cl2]Cl 
is a well-known process.58, 168 
2.5.9 Synthesis of [Ni(en)3][Au(CN)4]2 
To an 2 mL aqueous solution of nickel (II) perchlorate, Ni(ClO4)2!6H2O, (0.035 
g, 0.096 mmol) 3 mL of an aqueous ethylenediamine (en) stock solution (0.1 M, 0.3 
mmol) was added, resulting in a purple solution.  A 2 mL aqueous solution of 
potassium tetracyanoaurate, KAu(CN)4, (0.066 g, 0.19 mmol) was added to this 
solution, which did not cause a change in colour or formation of a precipitate; the 
resultant solution was covered with parafilm.  After four days, large, purple, X-ray 
quality crystals of [Ni(en)3][Au(CN)4]2 were recovered by filtration and subsequently 
air-dried.  Yield: 0.047 g, 58 %.  Anal. Calcd. for C14H24N14Au2Ni: C 19.99 %, H 2.88 
%, N 23.32 %.  Found: C 20.30 %, H 2.69 %, N 23.57 %.  IR (ATR): 3341(m), 
3291(m), 2960(w), 2895(w) %CN: 2185(w), 2176(w), 1604(m), 1579(m), 1467(w), 
1327(w), 1286(w), 1098(m), 1023(st), 967(st) cm-1. 
2.5.10 Synthesis of [Co(NH3)6][Au(CN)4]3!4H2O 
A 3 mL aqueous solution of hexaamine-cobalt(III) chloride, [Co(NH3)6]Cl3, 
(0.026 g, 0.14 mmol) was added to a 4 mL aqueous solution of potassium 
tetracyanoaurate, KAu(CN)4, (0.102 g, 0.300 mmol), which does not alter the colour of 
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the orange cobalt starting material.  The solution was covered with parafilm and yielded 
orange, X-ray quality crystals of [Co(NH3)6][Au(CN)4]3·4H2O after five weeks, which 
were then filtered and air-dried.  Yield: 0.065 g, 57 %.  Anal. Calcd. for 
C12H26N18Au3CoO4: C 12.68 %, H 2.31 %, N 22.19 %.  Found: C 12.87 %, H 2.06 %, 
N 21.91 %.  IR (KBr): 3653(m), 3644(m), 3229(s,br), 3174(s,br), %CN: 2191(m), 
2189(m), 1600(st), 1349(m), 1325(st), 1259(w), 987(w), 822(st), 473(m), 458(m) cm-1. 
2.5.11 Synthesis of K[Co(NH3)5][Au(CN)4]4 
A 3 mL aqueous solution of pentaamine-cobalt(III) chloride, [CoCl(NH3)5]Cl2, 
(0.023 g, 0.092 mmol) was added to a 4 mL aqueous solution of Potassium 
tetracyanoaurate, KAu(CN)4, (0.066 g, 0.19 mmol), which did not cause a colour 
change from the purple solution seen for the cobalt starting material.  This solution was 
covered with parafilm and a mixture of crystals was deposited after six weeks, which 
were then filtered and air-dried.  These crystals were either colourless or pink; the pink 
crystal structurally characterized by X-ray diffraction was K[Co(NH3)5][Au(CN)4]4 and 
there were insufficient pink crystals to perform chemical analysis.  Yield of mixture: 
0.014 g, 21 %.  IR (ATR): 3290(st), 3176(st), 2924(m), 2851(mw), %CN: 2200(w), 
2190(w), 2187(w), 1607(m), 1439(m), 1311(m), 1117(m), 855(st), 746(m), 722(m) cm-
1. 
2.5.12 Synthesis of [Hdabco]Cl 
Adding aqueous HCl (1 mL, 2 M) solution to 1.1 mL aqueous solution of dabco, 
C6H12N2, (0.222 g, 1.98 mmol) resulted in a colourless solution.  Allowing the resultant 
solution to evaporate to dryness resulted in white precipitate of [Hdabco]Cl, which was 
collected by scraping the precipitate out of the beaker.  Yield: 0.294 g, 99.9 %.  Anal  
Calcd. for C6H13N2Cl: C 48.49 %, H 8.82 %, N 18.85 %.  Found: C 47.54 %, H 8.79 %, 
N 18.03 %.  (Modelling for a 13 % impurity of [H2dabco]Cl2, gives the following 
expected analysis results: C 47.25 %, H 8.66 %, N 18.37 %.)  IR (KBr): 3391(st,br), 
3006(w), 2978(m), 2893(w), 2629(w), 2568(w), 2509(m), 2458(m), 2320(m), 2187(m), 
2062(m), 1475(w), 1359(m), 1331(m), 1181(w), 1058(st), 1007(m), 855(m), 800(st), 
779(st), 614(st), 412(m) cm-1. 
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2.5.13 Synthesis of [Hdabco][Au(CN)4] 
Adding a 3 mL aqueous solution of [Hdabco]Cl (0.032 g, 0.22 mmol) to a 5 mL 
aqueous solution potassium tetracyanoaurate, KAu(CN)4, (0.068 g, 0.20 mmol) results 
in a colourless solution.  The solution was covered with parafilm and colourless X-ray 
quality crystals of [Hdabco][Au(CN)4] were deposited, which were filtered and air-
dried.  Retention of the filtrate and further slow evaporation yielded additional crystals 
of [Hdabco][Au(CN)4] with a superimposable IR spectrum. Yield: 0.049 g, 59 %. Anal. 
Calcd. for C10H13N6Au: C 29.00 %, H 3.16 %, N 20.29 %.  Found: C 29.14 %, H 3.00 
%, N 19.83 %.  IR (KBr): 3054(w), 2958(w), 2890(w), 2678(w), %CN: 2196(w), 
2184(w), 2175(w), 1461(m), 1326(st), 1175(st), 1088(st), 1057(st), 1014(st), 941(m), 
837(m), 798(st), 772(m), 626(st), 602(st), 458(m) cm-1. 
This compound was initially synthesized irrationally and collected as a mixture 
of products by adding a 5 mL methanolic solution of dabco (0.015 g, 0.13 mmol) to a 5 
mL aqueous solution of zinc (II) perchlorate, Zn(ClO4)2!6H2O, (0.039 g, 0.10 mmol) 
which results in a colourless solution.  Addition of KAu(CN)4 (0.067 g, 0.20 mmol) 
does not cause a colour change or formation of a precipitate.  The solution was covered 
with parafilm and a white precipitate was observed after one day.  This precipitate was 
filtered, yielding 0.05 g; the filtrate was allowed to continue slow evaporation while 
covered with parafilm.  After one month, colourless X-ray quality crystals of 
[Hdabco][Au(CN)4] were deposited in addition to other non-crystalline impurities. 
  77 
Chapter 3: Tetracyanoaurate-based coordination 
polymers lacking capping ligands 
3.1 Introduction 
3.1.1 Coordination Polymers of Square Planar d8 Cyanometallates 
Many cyanometallates have been employed as a building block in the synthesis 
of coordination polymers.32  In particular, d8 square planar [M(CN)4]
2- anions (M = 
Ni(II), Pd(II), Pt(II)) have received a great deal of attention. 18, 19, 88-107  These anions are 
attractive for their stability; the cyanide ligands are not very labile and the square planar 
geometry is retained in the solid state.35  Furthermore, the presence of four terminal 
cyanide ligands enable a variety of possible bridging modes.  For example, the 
Hofmann clathrates adopt a 2-D sheet motif in which all four nitriles are involved in 
bridging [Ni(CN)4]
2- and M" (M" = cationic transition metal).108, 111-113, 115, 169  This 
structure leaves openings in the framework that facilitate inclusion of guest molecules, 
making these compounds suitable as sensing materials.32, 108 
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Additionally, [Pt(CN)4]
2- is able to form metallophilic interactions, which can be 
useful as a method for increasing the dimensionality of a given system.63, 119  A 
downside to the M(II)-based [M(CN)4]
2- anions as building blocks is their greater 
molecular charge; when reacted with a cation, the greater electrostatic forces and their 
influence on kinetics can make crystallization more difficult. 
3.1.2 Coordination Polymers of [Au(CN)2]
- lacking Ligands 
The Leznoff group has prepared a notable series of d10, [Au(CN)2]
--based 
coordination polymers, which incorporated first-row transition metals and [Au(CN)2]
- 
without any ancillary ligands.36, 37, 85  These adopt the general formula M(µ-
OH2)2[Au(CN)2]2 (M = Mn, Fe, Co, Ni, Cu) when synthesized in water.  When 
synthesized in DMSO, the copper variant, Cu[Au(CN)2]2(DMSO)2, reversibly 
exchanges the DMSO molecules with DMF, pyridine, NH3, CH3CN, or H2O molecules 
when exposed to their vapours.36  A colour change and %CN shift are observed with this 
exchange, which act as methods for detection for this vapochromic compound. 
The Cu(µ-OH2)2[Au(CN)2]2 polymers adopt an interesting structure.
36, 37  In the 
solid state, 1-D ribbons are observed, where each ribbon consists of the Cu(II) centre 
coordinated in the equatorial plane by four H2O molecules bridging two metal centres 
each, and axially by two pendant [Au(CN)2]
- units, as shown in Figure 3.1a on the 
following page.  The ribbons interact with one another through hydrogen bonding 
between the pendant [Au(CN)2]
- anions and bridging H2O molecules, as can be seen in 
Figure 3.1b.  Metallophilic interactions are also observed within the 1-D ribbon 
between adjacent [Au(CN)2]
- units.  The diaqua bridges provide an unusual pathway for 
magnetic exchange while the hydrogen bonding affords an inter-ribbon pathway. 
Exchanging the Cu(II) metal for Mn(II), Fe(II), Co(II), or Ni(II) in this series of 
compounds yielded isostructural polymers with unusual magnetic properties.37, 85  
Aurophilic interactions appear to play a significant role in the adoption of the ribbon 
motif, which is in turn responsible for the magnetism observed.  Replacing the 
[Au(CN)2]
- building block with [Au(CN)4]
- would result in polymers without aurophilic 
interactions, allowing comparison between Au(III)-N and Au(I)-Au(I) interactions.  
Furthermore, an [Au(CN)4]
- building block has a greater number of potential bridging 
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modes due to the additional terminal nitriles.  Whether this property plays a significant 
role in M(H2O)x[Au(CN)4]2 systems will also be examined. 
 
Figure 3.1 (a)  The 1-D ribbon formed by Cu(µ-OH2)2[Au(CN)2]2, supported 
by Au-Au interactions and (b) the supramolecular structure of the 
same compound, formed through hydrogen bonding between Cu-
bound H2O molecules and pendant [Au(CN)2]
- units. 
3.1.3 Employment of [Au(CN)4]
- as a Building Block 
Few coordination polymers have been previously reported that incorporate 
[Au(CN)4]
-.126-128, 150  These polymers have employed various nitrogen-donor chelating 
ligands coordinated to Ni(II) and Cu(II) centres.  These polymers include 
Ni(en)2[Au(CN)4]2·H2O, Cu(dien)[Au(CN)4]2, Cu(en)2[Au(CN)4]2, [Cu(dmeda)2-
Au(CN)4][Au(CN)4], Ni(dien)[Au(CN)4]2, and [Cu(bipy)(H2O)2(Au(CN)4)0.5]-
[Au(CN)4]1.5.  In Ni(en)2[Au(CN)4]2·H2O, [Au(CN)4]
- is only bound to Ni(II) through 
one nitrile and no Au-N interactions are observed, despite the H2O and NH2R 
hydrogen-bond donating molecules.  Each Cu(dien)[Au(CN)4]2 complex exists as a 
distinct unit, with only one nitrile bridging to Cu(II) for each [Au(CN)4]
- anion; these 
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complexes form a 1-D chain through 3.002(14) Å Au-N interactions between adjacent 
complexes and hydrogen bonding occurs between amino hydrogen atoms and nitrile 
groups.  For Cu(en)2[Au(CN)4]2, each [Au(CN)4]
- molecule again has one bridging 
nitrile, although a 2-D structure is formed through 3.058(8) Å Au-N interactions where 
each [Au(CN)4]
- molecule acts as a simultaneous donor and acceptor; weak hydrogen 
bonding is also observed in this structure.  The [Cu(dmeda)2Au(CN)4][Au(CN)4] 
polymer consists of an [Au(CN)4]
- anion coordinated to two [Cu(dmeda)2]
2+ cations in a 
cis fashion, thereby forming a 1-D zig zag chain; a free [Au(CN)4]
- anion is responsible 
for increasing structural dimensionality through 2.963(13) Å Au-N interactions.  A 
molecular square is formed in Ni(dien)[Au(CN)4]2, where two [Au(CN)4]
- anions bridge 
two [Ni(dien)]2+ complexes in a cis fashion; each metal centre has an additional pendant 
[Au(CN)4]
-.149  These squares are linked into a 1-D chain through Au-N interactions of 
2.961(15) Å in length involving the pendant [Au(CN)4]
- anion.  The crystal structure of 
[Cu(bipy)(H2O)2(Au(CN)4)0.5][Au(CN)4]1.5 shows a 1-D chain of [Au(CN)4]
- anions 
bridged through all nitriles to four [Cu(bipy)(H2O)2]
2+ cations, which are coordinated 
by two bridging [Au(CN)4]
-, resulting in a series of molecular squares.  These 1-D 
chains are connected through '-' stacking and hydrogen bonding; Au-N interactions of 
3.052(9) Å also exist, although these do not increase the structural dimensionality of 
this structure. 
These polymers are the basis for work in coordination polymers using 
[Au(CN)4]
- as a bridging ligand, although [Au(CN)4]
- has also been used to bridge 
Cu(II) centres in examinations of hydroxide-bridged dimers127 and Ni(II) centres in 
oxalate-bridged dimers.150  Excluding Ni(en)2[Au(CN)4]2·H2O, all of the other polymers 
exhibit short Au-N interactions of 2.961(15) to 3.058(8) Å in length.  In the case of 
[Cu(bipy)(H2O)2(Au(CN)4)0.5]-[Au(CN)4]1.5, Au-N interactions occur despite a lack of 
hydrogen bonding.  This may be due to the fact that the Au(III) atom receiving 
coordination is involved in Au-CN-Cu bridges through all four nitriles and experiences 
significant withdrawl of electron density, thereby increasing the Lewis acidity of the 
atom.  The variety of [Au(CN)4]
- bridging modes exhibited by these polymers makes 
them attractive for magnetic studies.  However, it would also be desirable to synthesize 
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a series of isostructural polymers, varying the transition metal in order to evaluate the 
efficacy of [Au(CN)4]
- as a mediator of magnetic exchange. 
3.1.4 Research Goals and Objectives 
The goal of this chapter is to describe the preparation and characterization of a 
series of isostructural coordination polymers incorporating [Au(CN)4]
- and first row 
transition metal cations without additional ancillary ligands.  This series of polymers 
will be examined for their similarities and differences from the existing M(µ-
OH2)2[Au(CN)2]2 system; given the absence of Au-Au interactions expected for 
[Au(CN)4]
- coordination polymers, the structure and properties are expected to differ.  
Physical properties of these materials will be assessed using a number of 
characterization methods.  The thermal stability will be determined using thermal 
gravimetric analysis (TGA) and microporosity will be assessed by measuring the uptake 
of N2 and H2 at 77 K.  Exposing the polymers to the volatile organic compounds 
(VOCs) and subsequently measuring the resultant changes to the FT-IR and solid state 
UV-Visible spectra will allow an assessment of these polymers as vapochromic 
materials.  Finally, the magnetic properties of these polymers will also be analyzed. 
3.2  Results and Analyses 
3.2.1 Synthesis 
The reaction of aqueous or methanolic MCl2!6H2O (M = Co, Ni, Cu) or 
M(ClO4)2!6H2O (M = Mn, Co, Ni, Cu, Zn) with two equivalents of aqueous or 
methanolic KAu(CN)4 results in a solution that deposits an isostructural series of 
M(H2O)4[Au(CN)4]2!4H2O coordination polymer crystals after slow evaporation for 1-2 
months. 
The reaction of FeCl3·6H2O or Fe(NO3)3·6H2O with three equivalents of 
KAu(CN)4 results in an isostructural iron(III) variant, Fe(OH)(H2O)3[Au(CN)4]2!4H2O.  
The Fe(III) starting material suggests that one water ligand is replaced by a hydroxide 
ligand in order to balance the additional charge.  The magnetic susceptibility results 
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show that the room temperature magnetic moment of the sample is that of an S = 5/2 
metal, consistent with high-spin Fe(III). 
The reaction of CuCl2!6H2O or Cu(ClO4)2!6H2O with KAu(CN)4 yielded a 
structurally similar but slightly different polymer, Cu(H2O)4[Au(CN)4]2!4H2O.  The 
copper variant is distinct from the others both from a structural and stability standpoint.  
After removal from aqueous solution, single crystals spontaneously undergo partial 
dehydration to form polycrystalline Cu(H2O)4[Au(CN)4]2 upon being exposed to the 
atmosphere for about 2-4 hours.  (The presence of four water molecules is indicated by 
the results from both the elemental and thermogravimetric analyses.)  In a sealed vial, 
however, the fully hydrated polymer appears to remain stable based on matching FT-IR 
spectra before and after storage as well as the preservation of single-crystals, suggesting 
that dehydration of the polymer depends on the ambient humidity. 
3.2.2 Structures  
The coordination polymers described in this chapter were structurally 
characterized by single crystal X-ray diffraction experiments.  These experiments 
revealed that the Fe(OH)(H2O)3[Au(CN)4]2!4H2O and M(H2O)4[Au(CN)4]2!4H2O (M = 
Mn, Co, Ni, Zn) polymers are isostructural; that is, they have comparable unit cells and 
space group symmetry (see tables in Appendix 1).  While the 
Cu(H2O)4[Au(CN)4]2!4H2O polymer shares a similar motif and connectivity to the 
others, it has differing cell parameters, making it not strictly isostructural to the others 
(Appendix 1). 
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Figure 3.2 The 1-D chain in isostructural M(H2O)4[Au(CN)4]2·4H2O (M = 
Mn, Co, Ni, Cu, Zn) and Fe(OH)(H2O)3[Au(CN)4]2·4H2O 
polymers  formed by [Au(CN)4]
- moieties bridging metal centres, 
depicted as M(1).  (Symmetry transformation: * ) -x, 1-y, -z) 
The Mn, Fe, Co, Ni, and Zn polymers consist of octahedrally coordinated metal 
centres where the equatorial ligands are comprised of four water molecules and the 
axial ligands are two nitriles originating from two distinct [Au(CN)4]
- anions.  Bond 
lengths and angles about the metal centre are all standard with none of the metals 
showing any Jahn-Teller distortion, as tabulated in Tables 3.1 – 3.3.  Similarly, the 
bond lengths and angles about the Au(III) atoms in the [Au(CN)4]
- anions do not show 
significant distortion from their expected square planar geometries.  Each [Au(CN)4]
- 
anion bridges two metal centres through trans cyano-nitrile ligands, such that a linear 1-
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D rod of metal centres is formed through the bridging [Au(CN)4]
- anions, as seen in 
Figure 3.2. 
 
Figure 3.3 Formation of Au-N interactions between interstitial and bridging 
[Au(CN)4]
- anions in M(H2O)4[Au(CN)4]2·4H2O (M = Mn, Co, Ni, 
Cu, Zn) and Fe(OH)(H2O)3[Au(CN)4]2·4H2O polymers; Au(1)–
N(21) = 3.134(7) to 3.145(5) Å, depending on the structure.  
(Symmetry transformations: * ) -x, 1-y, -z; , ) 2-x, 1-y, 2-z) 
The 1-D rods formed through nitrile coordination of metal centres run parallel to 
one another in the supramolecular structure and are held together through a 
combination of hydrogen bonding and weak Au-N interactions.  The hydrogen bonds in 
this structure are formed through the four metal-bound water molecules, four unbound 
water molecules, and two nitriles originating from both Au(1) and Au(2) (N(12) and 
N(22), respectively).  In this network, each water molecule simultaneously acts as both 
a hydrogen bond donor and acceptor while the two nitriles act as hydrogen bond 
acceptors.  The network of hydrogen bonds propagates in two dimensions (not shown), 
orthogonal to the propagation of the 1-D rod of metal complexes and [Au(CN)4]
- 
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anions.  Hydrogen atoms in this structure were placed based on this hydrogen-bonding 
model.  Thus, the hydrogen-bonding network contributes to the other weak forces 
responsible for the supramolecular structure by linking adjacent metal centres between 
distinct 1-D rods. 
In addition to the contribution of the hydrogen bond network, weak Au-N forces 
also propagate the supramolecular structure orthogonal to the 1-D rod, as shown in 
Figure 3.3.  The [Au(CN)4]
- anion incorporating Au(2) lies in the space between four 
parallel 1-D rods with a pair of crystallographically equivalent trans nitriles 
coordinating axially to Au(1), making Au(1) weakly octahedral.  This interaction 
between N(21) and Au(1) ranges from 3.132(4) to 3.145(5) Å in length and C(21)–
N(21)–Au(1) angles ranging from 102.6(4)° to 104.2(3)° are observed.  The two trans 
nitriles originating from Au(1) that do not coordinate to the transition metal centres, 
C(12)"–N(12)", coordinate very weakly to Au(2), making Au(2) weakly octahedral as 
well (" ) 1+x, y, z).  These interactions are slightly longer, however; the Au(2)–N(12)" 
bond lengths range from 3.228(10) to 3.282(5) Å while the C(12)"–N(12)"–Au(2) angles 
range from 131.7(8)° to 132.7(2)°.  Like the hydrogen bonding network previously 
described, the Au-N interactions observed extend between 1-D rods in a plane that is 
orthogonal to the direction of propagation of the rod, allowing these polymers to 
propagate in three dimensions when considering intramolecular weak forces like 
hydrogen bonding and Au-N interactions.  The 3-D network formed through Au-N 
interactions is shown in Figure 3.4. 
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Figure 3.4 Connection of 1-D chains through Au-N interactions, forming a 3-
D network in M(H2O)4[Au(CN)4]2·4H2O (M = Mn, Co, Ni, Cu, 
Zn) and Fe(OH)(H2O)3[Au(CN)4]2·4H2O polymers.  Distances 
indicated are from the M = Co variant.  (Symmetry 
transformations: * ) -x, 1-y, -z; ‡ ) 1-x, 1-y, 1-z ; " ) 1+x, y, z; , ) 
2-x, 1-y, 2-z) 
In addition to the Au-N interactions that both the C(12)–N(12) and C(21)–N(21) 
nitriles participate in, each of these nitriles also act as hydrogen bond acceptors (O(2) – 
H(21) ••• N(21)$ = 2.880(8) Å; O(3) – H(32) ••• N(12) = 2.903(8) Å; $ ) x, y, 1+z; Co 
polymer).  The other nitrile originating from Au(2), C(22)–N(22) acts exclusively as a 
hydrogen bond acceptor and does not participate in any Au-N interactions (O(1) – 
H(12) ••• N(22) = 2.754(8) Å; from the Co polymer).  These measurements show that 
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all of the nitriles in this structure are involved in either hydrogen bonding, coordination 
to the metal centre, or coordination to the vacant axial site of an Au(III) atom. 
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Table 3.1 Selected bond lengths (Å) for Fe(OH)(H2O)3[Au(CN)4]2!4H2O and M(H2O)4[Au(CN)4]2!4H2O (M = Mn, Co, Ni, 
Zn) coordination polymers 
Bond Lengths for M(H2O)4[Au(CN)4]2!4H2O (Å) Selected Atoms 
Mn Fea Co Ni Zn 
Au(1) – C(11) 1.991(3) 1.9907(16) 1.993(4) 2.001(9) 1.987(5) 
Au(1) – C(12) 1.997(4) 2.000(2) 1.995(5) 1.995(9) 1.996(7) 
C(11) – N(11) 1.138(4) 1.141(2) 1.139(5) 1.122(10) 1.134(6) 
C(12) – N(12) 1.138(6) 1.128(3) 1.129(6) 1.136(12) 1.137(9) 
Au(2) – C(21) 1.994(4) 1.993(2) 1.996(6) 1.990(9) 1.996(7) 
Au(2) – C(22) 1.982(4) 1.988(2) 1.987(5) 1.990(9) 1.976(6) 
C(21) – N(21) 1.133(6) 1.131(3) 1.130(7) 1.127(12) 1.129(9) 
C(22) – N(22) 1.146(6) 1.133(3) 1.128(7) 1.129(12) 1.135(8) 
M(1) – O(1) 2.190(3) 2.1368(15) 2.085(3) 2.062(6) 2.102(4) 
M(1) – O(2) 2.158(3) 2.0934(15) 2.068(3) 2.055(6) 2.086(5) 
M(1) – N(11) 2.221(3) 2.1523(16) 2.110(4) 2.067(7) 2.140(5) 
Au(1) – N(21) 3.132(4) 3.143(2) 3.145(5) 3.135(10) 3.134(7) 
Au(2) – N(12)" 3.282(5) 3.257(2) 3.240(5) 3.228(10) 3.249(7) 
a Fe is Fe(OH)(H2O)3[Au(CN)4]2·4H2O complex 
Symmetry transformations: " # 1+x, y, z 
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Table 3.2 Lengths of hydrogen bonds (Å) for Fe(OH)(H2O)3[Au(CN)4]2!4H2O and M(H2O)4[Au(CN)4]2!4H2O (M = Mn, 
Co, Ni, Zn) coordination polymers 
Hydrogen Bond Lengths for M(H2O)4[Au(CN)4]2!4H2O (Å) Selected Atoms 
Mn Fea Co Ni Zn 
O(1) – H(11) ••• O(3)" 2.762(6) 2.752(3) 2.752(8) 2.735(14) 2.751(10) 
O(1) – H(12) ••• N(22) 2.763(6) 2.755(3) 2.754(8) 2.749(14) 2.764(10) 
O(2) – H(21) ••• N(21)$ 2.890(6) 2.880(3) 2.880(8) 2.901(14) 2.881(10) 
O(2) – H(22) ••• O(4)! 2.769(6) 2.749(3) 2.756(8) 2.762(14) 2.767(10) 
O(3) – H(31) ••• O(4)" 2.793(6) 2.786(3) 2.779(8) 2.765(14) 2.777(10) 
O(3) – H(32) ••• N(12) 2.927(6) 2.917(3) 2.903(8) 2.913(14) 2.925(10) 
O(4) – H(41) ••• O(1) 2.922(6) 2.925(3) 2.929(8) 2.933(14) 2.915(10) 
O(4) – H(42) ••• O(3) 2.888(6) 2.894(3) 2.891(8) 2.911(14) 2.892(10) 
a Fe is Fe(OH)(H2O)3[Au(CN)4]2·4H2O complex 
Symmetry transformations: " # 2-x, 1-y, 2-z; $ # x, y, 1+z; ! # 1-x, -y, 2-z; 1-x, "## 1-y, 2-z 
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Table 3.3 Selected angles (deg) for Fe(OH)(H2O)3[Au(CN)4]2!4H2O and M(H2O)4[Au(CN)4]2!4H2O (M = Co, Ni, Zn) 
coordination polymers 
Angles for M(H2O)4[Au(CN)4]2!4H2O (deg) Selected Atoms 
Mn Fe
a
 Co Ni Zn 
C(11) – Au(1) – C(12) 90.66(16) 90.61(8) 91.71(19) 90.8(3) 91.1(3) 
C(12) – Au(1) – C(11)* 89.34(16) 89.39(8) 89.29(19) 89.2(3) 88.9(3) 
C(11) – Au(1) – C(11)* 180 180 180 180 180 
C(12) – Au(1) – C(12)* 180 180 180 180 180 
C(11) – Au(1) – C(12)* 89.34(16) 89.39(8) 89.29(19) 89.2(3) 88.9(3) 
C(11)*–Au(1) – C(12)* 90.66(16) 90.61(8) 91.71(19) 90.8(3) 91.1(3) 
Au(1) – C(11) – N(11) 179.2(4) 179.30(18) 179.7(4) 179.2(8) 179.2(6) 
Au(1) – C(12) – N(12) 178.8(4) 179.2(2) 179.5(5) 178.1(10) 178.8(7) 
C(11) – N(11) – M(1) 173.1(4) 173.67(18) 173.9(4) 174.6(8) 173.6(6) 
C(12) – N(12) – Au(2)
&
 131.9(4) 132.7(2) 132.3(4) 131.7(9) 131.8(6) 
C(11) – Au(1) – N(21) 102.87(14) 103.01(8) 102.48(17) 102.5(3) 102.4(2) 
C(11)*– Au(1) – N(21) 77.13(14) 76.99(8) 77.52(17) 77.5(3) 77.6(2) 
C(12) – Au(1) – N(21) 89.87(15) 89.93(8) 90.74(19) 89.7(3) 89.8(3) 
C(12)*– Au(1) – N(21) 90.13(15) 90.07(8) 89.26(19) 90.3(3) 90.2(3) 
N(21) – Au(1) – N(21)* 180 180 180 180 180 
Continued on next page…     
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Angles for M(H2O)4[Au(CN)4]2!4H2O (deg) Selected Atoms 
Mn Fe
a
 Co Ni Zn 
C(21) – Au(2) – C(22) 91.51(18) 91.61(9) 91.4(2) 91.4(4) 91.4(3) 
C(22) – Au(2) – C(21)† 88.49(18) 88.39(9) 88.6(2) 88.6(4) 88.6(3) 
C(21) – Au(2) – C(21)† 180 180 180 180 180 
C(22) – Au(2) – C(22)† 180 180 180 180 180 
C(21) – Au(2) – C(22)† 88.49(18) 88.39(9) 88.6(2) 88.6(4) 88.6(3) 
C(21)†– Au(2) – C(22)† 91.51(18) 91.61(9) 91.4(2) 91.4(4) 91.4(3) 
Au(2) – C(21) – N(21) 178.2(4) 178.4(2) 177.9(5) 178.0(10) 178.3(7) 
Au(2) – C(22) – N(22) 178.0(4) 178.2(2) 179.0(5) 178.7(10) 178.3(7) 
C(21) – N(21) – Au(1) 104.2(3) 103.36(18) 102.6(4) 103.9(7) 103.3(6) 
C(21) – Au(2) – N(12)! 77.61(17) 77.01(9) 76.8(2) 76.4(4) 77.1(3) 
C(21)†– Au(2) – N(12)! 102.39(17) 102.99(9) 103.2(2) 103.3(4) 102.9(3) 
C(22) – Au(2) – N(12)! 75.69(16) 76.22(9) 76.71(19) 77.2(3) 76.3(3) 
C(22)†– Au(2) – N(12)! 104.31(16) 103.78(9) 103.29(19) 102.8(3) 103.7(3) 
N(12)!– Au(2) – N(12)‡ 180 180 180 180 180 
a Fe is Fe(OH)(H2O)3[Au(CN)4]2·4H2O complex 
Symmetry transformations: * " -x, 1-y, -z; † " -x, -y, -z; ‡ " 1-x, 1-y, 1-z ; ! " 1+x, y, z; # " 2-x, 1-y, 2-z; $ " x, y, 1+z; ! " 1-x, -
y, 2-z; 1-x, !"" 1-y, 2-z ; & " -1+x, y, z 
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The structure of Cu(H2O)4[Au(CN)4]2!4H2O is very similar to the Mn, Fe, Co, 
Ni, and Zn analogues of the same formulae.  It shares the 1-D rod motif seen by the 
other polymers although the 1-D rod consists of alternating Cu(1) and Cu(2) metal 
centres, bridged by [Au(CN)4]
- anions.  These two Cu(II) centres are distinct due to the 
Jahn-Teller distortion observed for each atom.  In the case of Cu(1), the two equivalent 
N(11)–Cu(1) bond lengths are 2.312(2) Å while the pairs of Cu(1)–O(11) and Cu(2)–
O(12) bond lengths are 1.995(3) and 1.986(2) Å, respectively.  This disparity indicates 
that for Cu(1), the Jahn-Teller axis is parallel to the direction of propagation of the 1-D 
rod.  In contrast, the Cu(2)–N(13) bond length is 2.010(2) Å while the Cu(2)–O(21) and 
Cu(2)–O(22) bond lengths are 2.280(2) and 1.985(2) Å, respectively.  These bond 
lengths indicate that for Cu(2), the Jahn-Teller axis is orthogonal to the direction of 
propagation of the 1-D rod.  The Cu(1) and Cu(2) atoms alternate in the 1-D rod, such 
that each [Au(CN)4]
- anion incorporating Au(1) coordinates axially to Cu(1) through 
N(11) and equatorially to Cu(2) through N(13).  The bond lengths and angles for this 
structure are collected in Tables 3.4 and 3.5. 
The supramolecular structure of Cu(H2O)4[Au(CN)4]2!4H2O is also very similar 
to the other M(H2O)4[Au(CN)4]2·4H2O polymers with a similar hydrogen bonding 
network extending perpendicularly from the 1-D rods.  Some of the cyano-nitriles also 
participate in both hydrogen bonds and Au-N interactions.  A similar motif of Au-N 
interactions also contributes to the supramolecular structure, with [Au(CN)4]
- anions 
that are not Cu-bound participating in Au-N interactions between adjacent rods. 
Table 3.4 Selected bond lengths (Å) for Cu(H2O)4[Au(CN)4]2!4H2O 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(11) 1.997(3) Au(1) – C(13) 1.994(3) 
Au(1) – C(12) 1.998(3) Au(1) – C(14) 1.989(3) 
C(11) – N(11) 1.145(3) C(13) – N(13) 1.146(3) 
C(12) – N(12) 1.142(4) C(14) – N(14) 1.142(4) 
Au(2) – C(21) 1.994(4) Au(2) – C(22) 1.988(3) 
Continued on next page… 
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Selected Atoms Bond Length Selected Atoms Bond Length 
C(21) – N(21) 1.143(5) C(22) – N(22) 1.139(4) 
Au(3) – C(31) 1.995(3) Au(3) – C(32) 1.987(3) 
C(31) – N(31) 1.148(4) C(32) – N(32) 1.144(4) 
Cu(1) – O(11) 1.995(2) Cu(1) – O(12) 1.986(2) 
Cu(1) – N(11) 2.312(2) Cu(2) – O(21) 2.280(2) 
Cu(2) – O(22) 1.985(2) Cu(2) – N(13) 2.010(2) 
Au(1) – N(21) 3.159(3) Au(1) – N(31) 3.158(3) 
Au(2) – N(14)´ 3.278(3) Au(3) – N(12)† 3.156(3) 
O(1) – H(11) ••• O(3) 2.848(5) O(1) – H(12) ••• N(14)˝ 2.879(5) 
O(2) – H(21) ••• O(1)‡ 2.899(5) O(2) – H(22) ••• O(1) 2.745(5) 
O(3) – H(31) ••• O(21)! 2.800(5) O(3) – H(32) ••• O(4) 2.757(5) 
O(4) – H(41) ••• N(12)§ 2.882(5) O(4) – H(42) ••• O(2) 2.820(5) 
O(11) – H(111) ••• O(1) 2.696(5) O(11)–H(112)•••N(32)¥ 2.726(5) 
O(12) – H(121) ••• O(2) 2.711(5) O(12)–H(122)•••N(21)§ 2.857(5) 
O(21) – H(211) ••• O(4)$ 2.748(5) O(21)–H(212)•••N(22)$ 2.785(5) 
O(22) – H(221) ••• O(3)$ 2.714(5) O(12)–H(122)•••N(31)‡ 2.872(5) 
Symmetry transformations: * ! -x, 1-y, -z; † ! 1+x, y, z; ‡ ! -1+x, y, z; ´ ! -1+x, 
-1+y, z; ˝ ! -x, 2-y, 1-z; § ! -1-x, 1-y, 1-z; ¥ ! -x, 1-y, 1-z; $ ! -1-x, 
2-y, 1-z; £ ! -1-x, 1-y, -z 
Table 3.5 Selected angles (deg) for Cu(H2O)4[Au(CN)4]2"4H2O 
Selected Atoms Angle Selected Atoms Angle 
C(11) – Au(1) – C(12) 90.10(12) C(12) – Au(1) – C(13) 89.63(12) 
C(11) – Au(1) – C(13) 178.93(12) C(12) – Au(1) – C(14) 179.35(11) 
C(11) – Au(1) – C(14) 89.63(12) C(13) – Au(1) – C(14) 90.94(12) 
Au(1) – C(11) – N(11) 179.4(3) Au(1) – C(13) – N(13) 178.9(3) 
Au(1) – C(12) – N(12) 179.9(3) Au(1) – C(14) – N(14) 179.3(3) 
C(11) – N(11) – Cu(1) 169.9(3) C(13) – N(13) – Cu(2) 175.6(3) 
Continued on next page… 
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Selected Atoms Angle Selected Atoms Angle 
C(12) – N(12) – Au(3)‡ 132.4(3) C(14) – N(14) – Au(2)† 129.0(3) 
C(11) – Au(1) – N(21) 74.51(11) C(13) – Au(1) – N(21) 104.44(11) 
C(12) – Au(1) – N(21) 87.98(11) C(14) – Au(1) – N(21) 92.17(11) 
C(11) – Au(1) – N(31) 105.32(11) C(13) – Au(1) – N(31) 75.71(11) 
C(12) – Au(1) – N(31) 88.14(11) C(14) – Au(1) – N(31) 91.70(11) 
N(21) – Au(1) – N(31) 176.12(8)   
C(21) – Au(2) – C(22) 88.38(14) C(22) – Au(2) – C(21)$ 91.62(14) 
C(21) – Au(2) – C(21)$ 180 C(22) – Au(2) – C(22)$ 180 
C(21) – Au(2) – C(22)$ 91.62(14) C(21)$ – Au(2) – C(22)$ 88.38(14) 
Au(2) – C(21) – N(21) 178.2(3) Au(2) – C(22) – N(22) 177.9(3) 
C(21) – N(21) – Au(1) 98.5(2) N(14)‡ – Au(2) – N(14)˝ 180 
C(21) – Au(2) – N(14)‡ 75.61(12) C(21)$ – Au(2) – N(14)‡ 104.39(12) 
C(22) – Au(2) – N(14)‡ 107.38(12) C(22)$ – Au(2) – N(14)‡ 72.62(12) 
C(31) – Au(3) – C(32) 91.54(13) C(32) – Au(3) – C(31)* 88.46(13) 
C(31) – Au(3) – C(31)* 180 C(32) – Au(3) – C(32)* 180 
C(31) – Au(3) – C(32)* 88.46(13) C(31)*– Au(3) –C(32)* 91.54(13) 
Au(3) – C(31) – N(31) 178.4(3) Au(3) – C(32) – N(32) 178.0(3) 
C(31) – N(31) – Au(1) 101.9(2) N(12)† – Au(3) – N(12)£ 180 
C(31) – Au(3) – N(12)† 77.40(12) C(31)* – Au(3) – N(12)† 102.60(12) 
C(32) – Au(3) – N(12)† 75.11(12) C(32)*– Au(3) – N(12)† 104.89(12) 
Symmetry transformations: * ! -x, 1-y, -z; † ! 1+x, y, z; ‡ ! -1+x, y, z; ´ ! -1+x, 
-1+y, z; ˝ ! -x, 2-y, 1-z; § ! -1-x, 1-y, 1-z; ¥ ! -x, 1-y, 1-z; $ ! -1-x, 
2-y, 1-z; £ ! -1-x, 1-y, -z 
As previously described, the Cu(H2O)4[Au(CN)4]2"4H2O polymer is not 
thermally stable in normal atmospheric conditions.  Elemental analysis results suggest 
that the polymer spontaneously loses four water molecules to form 
Cu(H2O)4[Au(CN)4]2.  This assessment is confirmed by TGA.  Analysis of the powder 
X-ray diffraction (PXRD) pattern suggests that the structure of Cu(H2O)4[Au(CN)4]2 
differs from that of Cu(H2O)4[Au(CN)4]2"4H2O.  A comparison of the predicted PXRD 
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of Cu(H2O)4[Au(CN)4]2!4H2O based on the X-ray crystal structure and the experimental 
PXRD of Cu(H2O)4[Au(CN)4]2 is shown in Figure 3.5 and shows clearly that there is a 
substantial structural change between the octahydrate and tetrahydrate species. 
 
Figure 3.5 Comparison of the powder X-ray diffraction pattern predicted for 
Cu(H2O)4[Au(CN)4]2!4H2O (red) and experimentally collected for 
partially-dehydrated Cu(H2O)4[Au(CN)4]2 (blue). 
3.2.3 IR Spectroscopy 
The IR spectra of these compounds are relatively simple, showing characteristic 
IR modes of water and "CN bands.  Among the different polymers, similarities are seen 
in the "CN bands, which are compared in Table 3.6.  The 
Fe(OH)(H2O)3[Au(CN)4]2·4H2O and M(H2O)4[Au(CN)4]2·4H2O (M = Mn, Co, Ni, or 
Cu) polymers exhibit similar, blue-shifted peaks in the range of 2248 to 2226 cm
-1
.  
This shift from 2189 cm
-1
 observed in KAu(CN)4 suggests withdrawal from the cyanide 
#
*
 antibonding HOMO, consistent with the cyanide-nitrile coordination to the transition 
metals.  Additional, "CN bands are observed in the range of 2192-2189 cm
-1
, which is 
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suggestive of a terminal CN moiety similar to that of KAu(CN)4.
130  This observation is 
surprising in light of the structures of these polymers, which do not contain any 
terminal CN moieties as all cyanide ligands are involved in bridging to the cationic 
metal or other Au(III) atoms through Au-N interactions.  It is possible that these 
apparently terminal modes reflect the weak nature of some of the Au-N interactions.  
This would suggest that, in some cases, the weak coordination of the nitrogen atom to 
an axial site of an adjacent gold atom does not significantly disrupt the electronics of 
the cyanide ligand enough to cause the usual blue shift in the observed !CN mode.  (This 
was also noted in the non-coordinating salts in Chapter 2.)  This appears to be the case 
for the coordination of C(12)"–N(12)" to Au(2) (" # 1+x, y, z).  The Au(2)–N(12)" bond 
lengths range from 3.228(10) to 3.257(2) Å, which are, based on the van der Waals 
radii of Au and N, at the outer limits of allowable Au-N interactions.  With these 
interactions being so weak, the C(12)–N(12) nitriles could account for the unshifted !CN 
peaks present in the IR spectra of each compound.  These cyano-nitriles would be 
expected to have similar electronics to those in KAu(CN)4. 
Each of these particular polymers also share an additional peak in the range of 
2215 to 2209 cm-1.  The decreased magnitude of the blue-shift for these peaks indicates 
that less electron density is withdrawn from the CN- HOMO and is consistent with Au-
N interactions observed in IR spectra for compounds presented in Chapter 2.  Thus, 
these two sets of blue-shifted !CN IR modes suggest coordination of cyanide ligands in 
Au(CN)4
- to transition metals and vacant axial sites of Au(III) atoms in other Au(CN)4
- 
molecules.  The similarities between the FT-IR spectrum of Cu(H2O)4[Au(CN)4]2·4H2O 
and polymers incorporating other metal centres suggests that the cyanide ligand 
environments are similar in both structures. 
The IR spectrum of Cu(H2O)4[Au(CN)4]2, is similar to the fully-hydrated 
Cu(H2O)4[Au(CN)4]2·4H2O; both compounds share !CN modes at roughly 2248, 2209, 
and 2189 cm-1.  In addition, the partially dehydrated variant exhibits peaks at 2220 and 
2172 cm-1.  Given that each of these peaks are shifted from 2189 cm-1, they are likely 
due to bridging CN moieties; the peak at 2220 cm-1 could indicate a change in the 
coordination of the cyano-nitrile to the Cu(II) centre that is unobserved in the fully 
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hydrated polymer while the peak at 2172 may be due to a change in the hydrogen 
bonding of the system. 
Table 3.6 Observed !CN bands for M(H2O)4[Au(CN)4]2·4H2O polymers 
described in Chapter 3 
Observed !CN bands (cm
-1
) 
Compound 
Suggestive of Bridging Suggestive of Non-Bridging 
Mn(H2O)4[Au(CN)4]2·4H2O 2229(m), 2213(mw) 2192(m) 
Fe(OH)(H2O)3[Au(CN)4]2·4H2O 2226(m), 2213(mw) 2192(m) 
Co(H2O)4[Au(CN)4]2·4H2O 2231(m), 2215(mw) 2192(m) 
Ni(H2O)4[Au(CN)4]2·4H2O 2239(mw), 2215(mw) 2191(mw) 
Cu(H2O)4[Au(CN)4]2·4H2O 2248(st), 2213(mw) 2191(mw) 
Zn(H2O)4[Au(CN)4]2·4H2O 2207(w) 2192(ms), 2189(ms) 
Cu(H2O)4[Au(CN)4]2 
2248(st), 2220(w), 
2207(w) 
2189(m), 2172(w) 
All IR spectra were measured as KBr pellets. 
3.2.4 Thermal Stability 
Thermogravimetric analysis (TGA) was employed to assess the thermal stability 
of these polymers.  When heated at 1 °C/min, all of the polymers exhibit similar 
decomposition profiles, as tabulated in Table 3.7; a representative profile of the Co 
polymer is shown in Figure 3.6.  Each profile shows an initial loss corresponding to 
eight water molecules (or only four in the case of Cu(H2O)4[Au(CN)4]2, leaving an 
anhydrous M[Au(CN)4]2 polymer.  This loss occurs below 85 °C, suggesting that the 
hydrated form of the polymer is not very stable for these polymers.  This is consistent 
with the observation that Cu(H2O)4[Au(CN)4]2·4H2O spontaneously dehydrates at room 
temperature.  Incidentally, the partially-dehydrated Cu(H2O)4[Au(CN)4] polymer loses 
its four remaining water molecules gradually to about 160 °C. 
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The anhydrous M[Au(CN)4]2 polymers gradually lose mass until a sharper 
decrease is observed at roughly 200 to 300 °C, which can be attributed to a loss of two 
equivalents of cyanogen gas (NCCN) from each polymer.  Oxidation of CN
-
 to 
cyanogen is accompanied by reduction of Au(III) to Au(I), likely forming 
M[Au(CN)2]2.  A similar loss is observed for KAu(CN)4, which shows loss of the 
cyanide ligands in two steps.  A final sharp decrease is observed, which corresponds to 
loss of two additional equivalents of cyanogen gas.  This loss is also observed in 
KAu(CN)4 and KAu(CN)2.  This loss is typically complete by 360 – 420 °C.  The 
resultant metal oxide and gold deposits are stable until the run is ended at 600 °C. 
 
Figure 3.6 The thermal decomposition profile for Co(H2O)4[Au(CN)4]2·4H2O 
showing loss of eight water molecules and stepwise loss of four 
equivalents of cyanogen gas. 
In some runs, the TGA instrument exhibits drift such that the mass of the 
sample always appears to be slightly decreasing, even for thermally stable species, 
typically resulting in a 3-7% lower than expected percent mass.  This is identified when 
stable species such as metal oxide and gold remnants show a decreasing mass when the 
-8 H2O(g) 
-2 NCCN(g) 
-2 NCCN(g) 
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temperature suggests that the mass should be stable.  This observation accounts for the 
apparently lower than expected mass of the metal oxide and gold deposits present at the 
end of the run, particularly for the Mn, Ni, Zn, and Cu polymers.  In these runs, the 
percent masses remaining following the second loss of cyanogen gas correspond to the 
expected percent mass for the remaining metal oxide and gold. 
The temperatures and data for each TGA run are tabulated in Table 3.7, and 
show that there is no apparent trend in the relative thermal stabilities of the 
M(H2O)4[Au(CN)4]2·4H2O (M = Mn, Co, Ni, Zn), Fe(OH)(H2O)3[Au(CN)4]2·4H2O, or 
Cu(H2O)4[Au(CN)4]2 polymers. 
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Table 3.7 TGA decomposition results for M(H2O)4[Au(CN)4]2·4H2O (M = 
Mn, Co, Ni, Zn), Fe(OH)(H2O)3[Au(CN)4]2·H2O, and 
Cu(H2O)4[Au(CN)4]2 comparing temperatures of calculated and 
observed losses during heating at 1 °C/min. 
% Weight 
Complex 
Temperature 
Range of Loss 
(°C) 
Species Lost 
or Gained Calc. Obs. 
Mn(H2O)4[Au(CN)4]2!4H2O 35 – 59 - 8 H2O -18.0 -13.2 
Mn[Au(CN)4]2 188 - 312 - 2 C2N2 -13.0 -16.0 
Mn[Au(CN)2]2 345 – 361 
- 2 C2N2 
+ 
! 
2
3  O2 
-13.0 
+2.7 
-12.0 
! 
1
3Mn3O4 + 2Au 600  58.7 53.5 
Fe(OH)(H2O)3[Au(CN)4]2! 
4H2O 
48 – 60 
- 7 H2O 
- •OH 
-18.0 -19.5 
Fe[Au(CN)4]2 260 – 349 - 2 C2N2 -13.0 -20.6 
Fe[Au(CN)2]2 355 – 367 
- 2 C2N2 
+ 
! 
2
3  O2 
-13.0 
+2.7 
-7.9 
! 
1
3Fe3O4 + 2 Au 600  58.7 51.9 
Co(H2O)4[Au(CN)4]2!4H2O 55 – 85 - 8 H2O -17.9 -17.8 
Co[Au(CN)4]2 270 – 303 - 2 C2N2 -12.9 -14.0 
Co[Au(CN)2]2 316 – 323 
- 2 C2N2 
+ 
! 
3
4  O2 
-12.9 
+3.0 
-10.8 
! 
1
2Co2O3 + 2 Au 600  59.2 59.4 
Ni(H2O)4[Au(CN)4]2!4H2O 50 – 67 - 8 H2O -17.9 -16.2 
Ni[Au(CN)4]2 204 – 325 - 2 C2N2 -12.9 -16.1 
Continued on next page…     
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% Weight 
Complex 
Temperature 
Range of Loss 
(°C) 
Species Lost 
or Gained Calc. Obs. 
Ni[Au(CN)2]2 345 – 364 
- 2 C2N2 
+ 
! 
1
2  O2 
-12.9 
+ 2.0 
-10.1 
NiO + 2 Au 600  58.2 55.7 
Zn(H2O)4[Au(CN)4]2!4H2O 30 – 65 - 8 H2O -17.8 -15.4 
Zn[Au(CN)4]2 193 – 260 - 2 C2N2 -12.8 -17.1 
Zn[Au(CN)2]2 321 – 417 
- 2 C2N2 
+ 
! 
1
2  O2 
-12.8 
+ 2.0 
-12.3 
ZnO + 2 Au 600  58.6 54.4 
Cu(H2O)4[Au(CN)4]2 30 – 162 - 4 H2O -9.8 -4.8 
Cu[Au(CN)4]2 244 – 315 - 2 C2N2 -14.1 -20.3 
Cu[Au(CN)2]2 332 – 391 
- 2 C2N2 
+ 
! 
1
2  O2 
-14.1 
+ 2.1 
-11.3 
CuO + 2 Au 600  64.1 61.2 
3.2.5 Microporosity Measurements 
Both Ni(H2O)4[Au(CN)4]2!4H2O and Co(H2O)4[Au(CN)4]2!4H2O were tested 
for their abilities to absorb H2 and N2 at 77 K.  In preparation for the measurements, the 
samples were degassed and dried by heating to 150 °C under vacuum.  Based on the 
TGA results, heating to this temperature would remove any gas or solvent molecules 
adsorbed to the surface of the sample as well as the eight water molecules incorporated 
into the polymeric structure.  Thus, the dehydrated polymers would have their 
equatorial water ligands removed from the structure as well as interstitial hydrogen-
bonded water molecules.  Presumably the structure would change in order to facilitate 
coordination of [Au(CN)4]
-
 to the Ni(II) and Co(II) metal centres after their equatorial 
ligands were removed.  Although the structures of the Ni[Au(CN)4]2 and Co[Au(CN)4]2 
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polymers are unknown, one possibility is that it retains the 1-D rod motif seen in their 
hydrated forms with the interstitial [Au(CN)4]
-
 anion changing its position such that the 
rods are bridged through [Au(CN)4]
-
, forming a 3-D network.  Such an arrangement, 
where the [Au(CN)4]
-
 anion incorporating Au(1) continues to propagate a 1-D rod but 
the [Au(CN)4]
-
 anion incorporating Au(2) bridges 1-D rods by coordinating directly to 
the metal centre, may yield a structure with large pores in the space previously occupied 
by Au(2). 
However, the results show that neither Ni[Au(CN)4]2 nor Co[Au(CN)4]2 absorb 
any nitrogen or hydrogen at 77 K, indicating that they are nonporous polymers.  
However, many examples of nonporous coordination polymers exhibiting structural 
flexibility are known.
14, 54, 170, 171
  This suggests that these compounds may be able to 
absorb other guest molecules incorporating donor atoms.  Thus, future research should 
explore the vapochromic responses of dehydrated M[Au(CN)4]2 (M = Ni, Co, Cu) 
polymers. 
3.2.6 Vapochromism Testing 
To examine whether the M(H2O)4[Au(CN)4]2!4H2O polymers had any 
vapochromism properties like the analogous Au(I) polymer, M(µ-OH2)2[Au(CN)2]2 (M 
= Co, Ni, Cu), the Co, Ni, and Cu variants were exposed to vapours of solvents 
incorporating various N- and O-donor groups.
36, 37
  These solvents were chosen for their 
N- and O-donor groups, which mimic the coordination of water and cyano-nitriles, as 
well as their vapour pressure.  Trimethylphosphite was chosen as a nerve gas analogue.  
The VOC compounds chosen for analysis are shown in Figure 3.7. 
 
Figure 3.7 Volatile organic compounds that will be tested as analytes for 
[Au(CN)4]
-
-based coordination polymers.  (L-R: Ammonia, 
Pyridine, Dioxane, DMSO, DMF, Trimethylphosphite.) 
  103 
Prior to testing, it was thought that the relatively weakly-bound water and nitrile 
ligands coordinated to the metal centres in the Au(III) polymers would be readily 
displaced by vapor-phase molecules capable of acting as ligands via their N- and O-
donor groups.  Displacement of an existing ligand by a guest molecule would change 
the ligand field about the metal centre and result in a visible colour change.  
Furthermore, changes to the coordination sphere of either the Ni(II), Co(II), or Cu(II) 
centres would cause a change to the observed !CN modes in the FT-IR spectra due to the 
changes in the bond order of the bridging nitriles after being displaced from the metal 
centre.  Thus, using FT-IR and UV-Visible spectroscopy as detection methods, as was 
successfully illustrated for the Au(I) analogues, would allow determination of whether a 
vaporous analyte had been incorporated into the solid-state polymer.  The Mn(II), 
Fe(III), and Zn(II) polymers were not tested for vapochromism due to the absence of 
colour in the initial starting material; any chemical change in the polymer induced by a 
guest molecule would require detection by another means.  Luminescence has been 
employed for NH3 detection by colourless polymorphs of Zn[Au(CN)2]2,
54
 although 
this is due to emission from Au(I) aurophilic interactions, which are absent in these 
polymers. 
Vapochromism results for the Ni(II) and Co(II) polymers were very similar.  
When exposed to NH3, pyridine, dioxane, formaldehyde, acetic acid, or 
tetrahydrothiophene (THT), no colour change or change in the !CN of the FT-IR spectra 
was observed.  Due to the lack of observed shifts in either the FT-IR or UV-Visible 
spectra, it is thought that neither of these polymers are reactive to the listed analytes.  In 
addition, the Ni(II) polymer does not exhibit a response to trimethyl phosphite but the 
Co(II) polymer shows a slight colour change from light orange (662 nm with a slight 
shoulder at 810 nm) to pink (680 nm with a larger shoulder at 798 nm) and the !CN 
peaks change from 2231, 2215, and 2192 cm
-1
 prior to exposure to a single peak at 
2218 cm
-1
 afterwards.  This response does not occur immediately and takes 1-3 days to 
occur.  The FT-IR spectra collected appear to be identical three days after exposure to 
trimethyl phosphite and after being open to the atmosphere for 1 week.  This suggests 
that P(OMe)3 inclusion is irreversible.  (The solid-state UV-visible reflectance spectra 
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for Co(H2O)4[Au(CN)4]2·4H2O prior to, and upon exposure to trimethyl phosphite are 
included in Appendix 3.) 
The Cu(II) polymer was tested as the partially dehydrated compound, 
Cu(H2O)4[Au(CN)4]2 because of the propensity of the fully hydrated polymer to lose 
four equivalents of water molecules.  Unlike the Ni(II) and Co(II) polymers, the Cu(II) 
compound exhibits spectral changes in response to many of the vapours analyzed, 
including ammonia, pyridine, DMF, DMSO, dioxane.  The wavelengths of reflected 
visible light as well as the observed frequencies of the !CN modes in the FT-IR are 
tabulated in Table 3.8.  Visible changes upon exposure to ammonia or pyridine occur 
within 2-4 minutes as the reflected light shifts from 560 nm for the unexposed polymer 
to peaks at 495 and 490 nm for the ammonia-, and pyridine-exposed polymers, 
respectively.  Cu(H2O)4[Au(CN)4]2 is manually ground prior to exposure, although the 
particle size is unknown.  Thus, it is unclear what the effect of particle size is on the 
kinetics of VOC uptake in comparison to molecular dynamics of uptake.  Thin films are 
required to exclusively assess molecular dynamics of this process. 
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Figure 3.8 Cu(H2O)4[Au(CN)4]2 samples prior to and upon exposure to 
various VOCs along with the !max of the solid-state reflected UV-
Visible spectra for each sample.  (Top row (L-R): 
Cu(H2O)4[Au(CN)4]2 prior to exposure; pyridine; ammonia.  
Bottom row (L-R): DMF; DMSO; dioxane.) 
In the cases of DMF, DMSO, and dioxane, changes to the "CN modes of the FT-
IR of the Cu(II) system and shifts in the reflected !max are observed but, surprisingly, 
the colour change is imperceptible to the eye, as can be seen in Figure 3.8.  Solid-state 
UV-Visible spectra of the compounds suggest that a change should be visible for DMF, 
DMSO, and dioxane, as the reflected !max values of these compounds shift from 560 
nm for the unexposed polymer to broad peaks centred at 491, 468, and 490 nm, 
respectively.  These shifts are greater than when the polymer is exposed to NH3, except 
that the NH3 exposure results in a colour change that is perceptible to the eye.  The 
imperceptibility in the DMF-, DMSO-, and dioxane-exposed polymers may be due to 
broadening of the reflected peaks compared to the starting material in the UV-Visible 
spectra.  This would result in a similar overall visible absorption profile (ie. observed 
colour), even though the !max has shifted.  The solid-state UV-Visible reflectance 
spectra are shown in Appendix 3. 
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No changes were observed in the UV-Visible spectrum or the !CN modes of the 
FT-IR in response to exposure of formaldehyde, acetic acid, trimethyl phosphite, or 
acetonitrile.  These vapochromism results are similar to those observed for 
Cu(DMSO)2[Au(CN)2]2 except that the Au(I) compound does respond to exposure by 
CH3CN and visible colour changes are observed for all responses.
36
 
After the Cu(II) compound was exposed to analyte and a change was measured, 
the vials were left open to the air in order to determine whether the process is reversible 
and the guest molecule spontaneously leaves the polymer.  FT-IR spectra measured 
after the materials were open to air for 1 week suggest that Cu(H2O)4[Au(CN)4]2 is not 
reformed in any case.  Thus, exposure of NH3, pyridine, DMF, DMSO, and dioxane to 
Cu(H2O)4[Au(CN)4]2 appears to be irreversible at room temperature.  These results are 
in contrast to those observed for Cu(µ-OH2)2[Au(CN)2]2, which was reversible except 
when the polymer was exposed to NH3.
36
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Table 3.8 Observed frequencies of the !CN modes in the FT-IR and "max of 
the reflected UV-Visible spectra upon exposure of various analytes 
to Cu(H2O)4[Au(CN)4]2 
Analyte Observed !CN frequency 
in FT-IR (cm
-1
) 
Wavelength of maximum 
reflectance in solid-state 
UV-Visible spectroscopy 
("max, nm) 
none 2248(m), 2209(w), 
2189(m) 
560 
Ammonia (NH3) 2230(mw), 2202(m), 
2187(mw) 
495 
Pyridine (py) 2186(w), 2194(vw), 
2203(vw) 
490 
Dimethylformamide 
(DMF) 
2248(w), 2213(vw), 
2192(w) 
491 (br) 
Dimethyl sulfoxide 
(DMSO) 
2245(w), 2206(vw), 
2186(w) 
468 (br) 
Dioxane 2247(w), 2212(w), 
2203(w) 
490 (br) 
3.2.7 Magnetic Properties 
For each of the Fe(OH)(H2O)3[Au(CN)4]2·4H2O, M(H2O)4[Au(CN)4]2·4H2O (M 
= Mn, Co, Ni), and Cu(H2O)4[Au(CN)4]2 polymers, the temperature (T) dependence of 
the molar magnetic susceptibilities (#M) was measured from 300 to 1.8 K in order to 
determine whether magnetic interactions exist in these compounds.  Measurements 
were also performed in order to determine the magnetic field dependence (H) of the 
magnetization (M).  The values of #MT as a function of temperature are plotted in 
Figure 3.9, except for the Fe(III) sample (see below). 
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Figure 3.9 Temperature dependence of !MT, for M(H2O)4[Au(CN)4]2·4H2O 
(M = Mn, Ni, Co) and Cu(H2O)4[Au(CN)4]2 in a 1 kOe dc field.  
Best-fit models for the Mn, Ni, and Cu polymers are displayed as 
solid black lines while experimental data is presented as open 
shapes. 
At 300 K, the Mn(H2O)4[Au(CN)4]2·4H2O polymer exhibits a product of the 
magnetic susceptibility and temperature, !MT of 4.36 cm
3
 K mol
-1
 when the mass is 
corrected for the known diamagnetic impurity of KClO4.  The value of !MT, consistent 
with high spin Mn(II), S = 5/2,  remains constant as the temperature is decreased from 
300 K to 30 K.  As the temperature is decreased from 30 K to 1.8 K, !MT falls more 
sharply to 3.85 cm
3
 K mol
-1
.  This magnetic behaviour is consistent with a combination 
of antiferromagnetic interactions and zero-field splitting for a Mn(II) centre.
172
  The 
zero-field splitting parameter, D, can be determined using Equations 3.1-3.3.
102
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The best fit of Equation 3.1 with the experimentally determined values of !MT 
as a function of temperature yields a D value of 1.29(4) cm
-1
 while the g value is 
1.9891(12).  This low D value indicates that the Mn(II) centres do not experience 
significant axial distortion.  Zero-field splitting is typically small for Mn(II) – on the 
order of 10
-2
 cm
-1
 – although Mn(II) systems also exist with a zero-field splitting 
parameter of 5 cm
-1
.
172
  Antiferromagnetic coupling exhibits similar low temperature 
data in !MT as zero-field splitting.  Thus, the low temperature !MT data may be 
decreased due to weak antiferromagnetic interactions masquerading as zero-field 
splitting. 
For Fe(OH)(H2O)3[Au(CN)4]2·4H2O, the product of magnetic susceptibility and 
temperature, !MT is 3.64 cm
3
 K mol
-1
 at 300 K, which is slightly less than the expected 
value of 4.38 cm
3
 K mol
-1
 for an S = 5/2 Fe(III) centre.
172
  Furthermore, the measured 
moment is slightly higher than that expected for an S = 2 Fe(II) centre, which is 3.00 
cm
3
 K mol
-1
.
172
  As the temperature is decreased from 300 to 100 K !MT increases 
slightly but below 100 K there is sharp increase in !MT to a maximum occurring at 8.5 
K with a value of 5.84 cm
3
 K mol
-1
. Below 8.5 K, !MT decreases to 4.92 at 1.8 K.  The 
peak in !MT at 8.5 K normally indicates the occurrence of ferromagnetic coupling 
however, the position of the maximum !MT value was irreproducible for different 
syntheses of Fe(OH)(H2O)3[Au(CN)4]2·4H2O.  This variability suggests that the 
apparent ferromagnetism was not due to the Fe(III) polymer but instead due to a 
ferromagnetic impurity, such as small, variable amounts of Fe2O3.  Previous 
coordination polymer studies have had similar results, in which the polymer was pure 
by elemental analysis but ferromagnetic metal oxide impurities dominated the magnetic 
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susceptibility measurements.
129
  The polymer could not be purified further and thus, the 
magnetic data for Fe(OH)(H2O)3[Au(CN)4]2·4H2O was not analyzed further. 
For Co(H2O)4[Au(CN)4]2·4H2O, !MT is 3.06 cm
3
 K mol
-1
 at 300 K and 
decreases slightly until 100 K when !MT is 3.03 cm
3
 K mol
-1
.  As the temperature 
decreases further, !MT decreases in value until it is 1.70 cm
3
 K mol
-1
 at 1.8 K.  The 
room temperature value of !MT is consistent with an octahedral S = 3/2 Co(II) centre 
with a significant orbital contribution, to the moment, as reflected in the gradual 
decrease in !MT as the temperature is lowered.  The lack of a maximum in the plot of 
!MT as a function of T indicates that antiferromagnetic coupling in this system is very 
weak and masked by the single-ion effects.  No modelling was attempted. 
In Ni(H2O)4[Au(CN)4]2·4H2O, !MT is 1.16 cm
3
 K mol
-1
 at 300 K and is 
relatively constant until 50 K, when !MT begins to decrease.  No minima or maxima are 
observed in !m or !mT, and !MT reaches a minimum value of 0.57 cm
3
 K mol
-1
 at 1.8 
K.  These results are consistent with S = 1 Ni(II) centres that exhibit zero-field splitting 
and may also have antiferromagnetic interactions.  The pathways available for magnetic 
exchange in this polymer are the same as in Co(H2O)4[Au(CN)4]2·4H2O, suggesting that 
bridging metal centres through trans nitriles of [Au(CN)4]
-
 is not effective for 
mediation of significant magnetic exchange.  The magnetism in this compound was 
modelled for zero-field splitting using the Van Vleck equation for axially distorted 
Ni(II) octahedral surroundings (Equations 3.4–3.6).
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When the experimental data is used to fit to the above equation, the zero-field splitting 
parameter, D, is found to be 5.71(9) cm
-1
 with a g value of 2.143(3).  An average value 
of D for an Ni(II) centre in an octahedral field ranges from 0.5 to 6 cm
-1
.
172
  However, 
the magnitude of D increases as axial distortion increases.  For 
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Ni(H2O)4[Au(CN)4]2·4H2O, the Ni(1)-O(1) and Ni(1)-O(2) bond lengths are 2.062(6) 
and 2.055(6) Å, respectively, while the Ni(1)-N(11) bond lengths are 2.067(7) Å, thus, 
the coordination sphere is fairly isotropic. 
 In the case of Cu(H2O)4[Au(CN)4]2, the value of !MT is 0.43 cm
3 K mol-1 at 300 
K, which is consistent with an S = 1/2 Cu(II) metal centre.  The value of !MT remains 
constant to 50 K, at which point a steady decrease is observed, consistent with 
antiferromagnetic interactions; a minimum value of !MT = 0.19 cm
3 K mol-1 is 
observed at 1.8 K.  No maxima are observed in the plot of !M as a function of T, which 
indicates that antiferromagnetic ordering does not occur down to 1.8 K. 
 
Figure 3.10 The plot of 1/!M as a function of Temperature for 
Cu(H2O)4[Au(CN)4]2, used to fit ! using the Curie-Weiss Law.  
Open circles represent experimental data while the solid line 
represents the best-fit data. 
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 where  (Equation 3.7) 
Using the Curie-Weiss Law (Equation 3.7) to fit the experimentally determined 
values of !M as a function of 1/T as shown in Figure 3.10 gives a best fit for g  = 
2.1521(7) and ! = -1.29(8).
102
  The negative value of ! indicates that weak 
antiferromagnetic interactions exist. 
 The strength of the antiferromagnetic coupling in the partially dehydrated Cu(II) 
polymer can be modelled using the Bonner-Fisher model for chains of 
antiferromagnetically coupled S = 1/2 centres, where the equation is shown in Equation 
3.8.
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Using the best fit model of the Bonner-Fisher model reveals a value of g = 2.157(3) and 
J = -1.720(11) cm
-1
.  Some deviation is observed between the fit and the experimental 
data between 40 and 60 K; this is due to minor contamination of oxygen, which exhibits 
a paramagnetic response between 45 and 50 K.  The paramagnetism exhibited by 
oxygen at these temperatures is not modelled for. 
The J value determined for this polymer is relatively weak compared to other 
systems.  For instance, the J magnetic coupling parameter for hydroxide-bridged 
[Cu(ligand)(µ-OH)]2
2+
 dimers typically range from +172 to -509 cm
-1
.
174
  Thus, the 
coupling in this polymer is very weak in comparison.  The structure is unknown so the 
mechanism of magnetic exchange cannot be ascertained with certainty, but the FT-IR 
suggests that [Au(CN)4]
-
 remains a bridging anion due to the similarities between the 
"CN modes in the partially dehydrated and fully hydrated polymers.  This relatively long 
pathway may facilitate some exchange while hydrogen-bonded water molecules that 
may remain in the structure could also act as magnetic mediators.  In comparison, the 
hydroxide-bridged dimers have single atom bridges that facilitate stronger coupling. 
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3.3 Discussion 
3.3.1 The use of [Au(CN)4]
-
 as a bridging ligand 
With this series of M(H2O)4[Au(CN)4]2·4H2O polymers, the chemistry of 
tetracyanoaurate as a bridging ligand in coordination polymers has been explored.  
Compared to other cyanometallates such as [M(CN)2]
-
 (M = Ag, Au) or [M(CN)4]
2-
 (M 
= Ni, Pd, Pt) [Au(CN)4]
-
 exhibits significantly decreased Lewis basicity.  As discussed 
in Chapter 2, this decrease is attributable to the greater oxidation state of the central 
Au(III) atom and the resultant increase in Lewis acidity of the metal, which decreases 
the Lewis basicity of the nitriles for binding to other metals.  However, the coordination 
polymers described in this chapter as well as previous results show that despite being a 
relatively weak ligand, [Au(CN)4]
-
 is able to bridge cationic metal centres in a 
polymeric fashion. 
From a synthetic standpoint, the decreased basicity of the nitriles in [Au(CN)4]
-
 
poses a number of challenges.  Crystallization of M(H2O)4[Au(CN)4]2·4H2O polymers 
is very slow as a result of the weak donor characteristics of [Au(CN)4]
-
; synthesis of 
these compounds in water generally takes 1-3 months.  (Crystallization can be sped up 
to take place in about one month when the starting solutions are saturated with the 
starting materials.)  Indeed, the polymers formed in this chapter are very water-soluble, 
such that using the method of slow evaporation in polymer crystallization required 
near-complete evaporation of the solvent before any crystals were deposited.  This 
would not be problematic except for the presence of the KClO4 salt byproducts.  In fact, 
for many of these solutions, the first crystals collected were a mixture of KClO4 and the 
M(H2O)4[Au(CN)4]2·4H2O polymer; in these cases the coloured filtrate was retained 
and slow evaporation was allowed to continue so that the polymer could be collected.  
The synthesis was particularly difficult for Mn(H2O)4[Au(CN)4]2·4H2O and 
Fe(OH)(H2O)3[Au(CN)4]2·4H2O; the colourless nature of the Mn(II) material made it 
difficult to distinguish the crystals from KClO4.  For the Fe(III) polymer, an unknown 
paramagnetic impurity was present in varying amounts for each synthesis, which had a 
significant influence on magnetic susceptibility measurements.  This impurity could 
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have been present in the FeCl3 starting material or may have been formed as a result of 
Fe(III) ions being in aqueous solution for a number of months and forming Fe2O3. 
Because of the challenges posed by performing syntheses in aqueous solution, a 
number of alternative methods were explored.  Syntheses were also attempted in 
methanolic and ethanolic solutions but these were unsuccessful because the solubility of 
the polymers remained high and the increased evaporation of the solvent made it 
difficult to filter deposited crystals before complete evaporation.  Performing the 
synthesis in acetonitrile posed the same problems and the colour of the deposited 
material was not the same as when the synthesis was performed in water, suggesting 
that a different product was formed.  Another method attempted was to perform the 
synthesis in dichloromethane using an appropriate metal salt and [
n
Bu4N][Au(CN)4], 
followed by rotary evaporation of the solvent quickly to isolate the polymer.  Like the 
synthesis in acetonitrile, these reactions yielded different products than those performed 
in aqueous solution and are worthy of future study.  One aid for synthesis in aqueous 
solution was to refrigerate the solution prior to deposition of crystals, but after a 
substantial amount of solvent had evaporated.  This maximized the yield of the 
polymer. 
3.3.2 Vapochromic properties of M(H2O)4[Au(CN)4]2!4H2O 
polymers 
When the blue Cu(H2O)4[Au(CN)4]2 polymer was exposed to specific volatile 
organic compounds (VOCs), a response was observed in the form of a shift in the !CN 
frequency in the FT-IR spectra.  For some VOCs, the wavelength of reflected light does 
not appear to significantly change from that of Cu(H2O)4[Au(CN)4]2 even when a shift 
in the !CN frequency suggests that there has been uptake of the guest molecule.  The 
observed FT-IR !CN frequencies and wavelengths of reflected visible light have been 
tabulated in Table 3.8. 
For the uptake of VOC molecules by Cu(H2O)4[Au(CN)4]2, the FT-IR results 
suggest that the [Au(CN)4]
-
 anions remain bridging, since !CN modes at 2183 cm
-1
 are 
not observed.  Exposure of DMF, DMSO, and dioxane cause shifts in the !CN modes of 
the IR spectra and the "max in the reflected UV-Visible spectrum.  However, to the eye, 
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the samples in these cases appear to be the same colour as the unexposed polymer.  This 
suggests that perhaps the analyte could be disrupting the Au-N interactions and 
changing the degree of stabilization afforded to the Au(III) atoms as a result of these 
interactions, which in turn changes the bond order of the nitriles.  One direction for 
future research would be to examine the structural changes of Cu(H2O)4[Au(CN)4]2 
with exposure of each analyte through powder X-ray diffraction experiments, as well as 
attempts to synthesize single crystals of the solvent adducts.  This study could be 
performed by indexing the PXRD data from Cu(H2O)4[Au(CN)4]2 after exposure to 
VOCs or by preparing Cu(H2O)4[Au(CN)4]2 in aqueous solution with a small amount of 
the VOC of interest.  Such insight into the structures of the solvent adducts may also 
allow for further analysis of the compounds’ magnetic properties, as the structures 
would be expected to differ from Cu(H2O)4[Au(CN)4]2. 
In the Au(I) analog, Cu(DMSO)2[Au(CN)2]2, uptake of a guest molecule in the 
vapor-phase was associated with significant structural changes, resulting in dramatic 
changes in the observed reflected !max in the visible spectrum.
36
  Furthermore, guest 
inclusion of any of CH3CN, DMSO, H2O, pyridine, DMF, and dioxane were reversible 
phenomena, with the only irreversible vapochromic response occurring upon exposure 
to NH3.  Based on the previous results and the comparatively weak coordination of 
[Au(CN)4]
-
 compared to [Au(CN)2]
-
, we had hypothesized that the Au(III) polymer 
would be significantly more receptive to uptake of VOC molecules.  Part of this 
hypothesis stems from the idea that the coordination to a metal centre by [Au(CN)4]
-
 
could be disrupted by a relatively weakly-coordinating VOC, while coordinated 
[Au(CN)2]
-
 could only be displaced by a more Lewis basic ligand.  Thus, the 
[Au(CN)4]
-
 polymers were expected to be sensitive to weakly-coordinating VOC 
molecules such as acetic acid, formaldehyde, and tetrahydrothiophene (THT).  In 
actuality, the fully hydrated Ni(II) and Co(II) polymers were not very sensitive as 
vapochromic materials, with detection occurring only for P(OEt)3 with the Co(II) 
polymer.  This is in contrast to the Cu(II) system, which showed irreversible binding of 
many molecules.  This irreversibility could be a reflection of the weaker binding ability 
of [Au(CN)4]
-
 compared to [Au(CN)2]
-
. 
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Another advantage that the Au(III) polymers were expected to have over the 
analogous Au(I) polymers was in the area of structural flexibility.  Comparing the 
structures of the M(µ-OH2)2[Au(CN)2]2 and M(H2O)4[Au(CN)4]2·4H2O polymers 
shows that in the former case, the metal ions are effectively connected through bridging 
water molecules, as well as Au-Au bonds, while the ribbons pack with one another with 
the assistance of hydrogen bonds.  In comparison, in the case of the Au(III) polymer, 
the metal centres are bridged only through relatively weak [Au(CN)4]
-
 bridges, with the 
resultant rods connected to one another through a network of hydrogen bonding and 
Au-N interactions with the interstitial [Au(CN)4]
-
 anion.  Thus, comparing structures it 
appeared that the [Au(CN)4]
-
 polymer should have a more weak and flexible 1-D rod 
although the inter-rod contacts appear to be more numerous and extensive than in the 
[Au(CN)2]
-
 case.  In terms of designing a sensor, solid-state structural flexibility may be 
desirable because of the low energy required for changes in coordination geometry 
about the metal centre, which would facilitate observable colour changes.
14, 170
  Indeed, 
such flexibility has been attributed as the reason for a number of interesting properties 
in coordination polymers.
14, 24, 170, 171, 175
 
However, in the cases of the M(H2O)4[Au(CN)4]2·4H2O (M = Ni, Co) system, it 
appears that the polymers are sufficiently rigid as to prevent inclusion of guest 
molecules through rearrangement.  It is unlikely that the [Au(CN)4]
-
 moiety confers this 
rigidity through either coordination to the metal centres, or the Au-N interactions 
between the in-chain and interstitial [Au(CN)4]
-
 anions.  A possible source of structural 
rigidity might be the extensive network of hydrogen-bonding between the four water 
molecules coordinated to the metal centre and the additional interstitial water molecules 
bridging metal centres.  However, thermal stability measurements indicate that the 
metal-bound and interstitial H2O molecules are not held tightly in the structure, as both 
the Co(II) and Ni(II) polymers dehydrate near 100 °C.  Nevertheless, at room 
temperature, the hydrogen-bonded water molecules may impede uptake of guest 
molecules.  Testing the vapochromism of both the partially and fully dehydrated 
systems (M(H2O)4[Au(CN)4]2, and M[Au(CN)4]2, respectively) could reveal whether 
the water molecules in the system are responsible for the lack of vapochromic 
behaviour in the fully hydrated systems. 
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The ability of the Au(I) polymers to uptake VOC molecules so readily while the 
Au(III) polymers are less able may also be due to potentially greater accessibility of 
metal centres in the Au(I) network.  Ribbons of M(µ-OH2)2[Au(CN)2]2 connect to one 
another through hydrogen bonding between the terminal nitriles and bridging water 
molecules of adjacent ribbons.  While a chain of hydrogen bonded units is formed, it is 
possible that the packing in these structures is less rigid than the Au(III) polymers, such 
that VOC molecules can readily enter between ribbons and access the metal centre.  
Thus, future vapochromic materials may be assessed based on the flexibility of the 
overall packing of the structure in addition to the flexibility of the coordination sphere 
of the metal centre. 
3.3.3 Magnetic Properties of M(H2O)4[Au(CN)4]2!4H2O polymers 
The magnetism exhibited by Au(III)-based M(H2O)4[Au(CN)4]2·4H2O polymers 
differs significantly from the Au(I)-based M(µ-OH2)2[Au(CN)4]2 polymers.  For the 
M(H2O)4[Au(CN)4]2·4H2O polymers, interactions between metal ions are rather weak 
and it is unclear whether the primary mediation of magnetic exchange occurs through 
long M-NC-Au-CN-M bridges or through the hydrogen bonding network.  In the 
former case, the bridges are approximately 10.56 Å through the bonds.  In the case of 
the hydrogen bonds, three magnetic pathways exist between 2, 3, or 4 hydrogen bonds 
mediated by water molecules.  These pathways are also considerably long, with the 
shortest M-O-H•••O-H•••O-M bridge being approximately 9.90 Å in length through the 
bonds.  However, examples of weak magnetic coupling through the former10, 31, 126, 149 
and latter176-183 modes of bridging are known. 
The results described differ from the Au(I) polymers where unusual diaqua 
bridges connect adjacent metal centres.  In this case, a slightly stronger coupling is seen 
and the coupling is also ferromagnetic in nature for M = Co, Ni, Cu.37, 85  In the case of 
Cu(µ-OH2)2[Au(CN)2]2, the Weiss constant, !, was found to be 5.1(3) K with a g value 
of 2.084(2), indicating that the interactions are ferromagnetic.37  The exchange coupling 
constant J was found to be 0.37(2) cm-1 with a g value of 2.134(3).  Based on muon 
spin resonance (µSR) data, long range magnetic ordering is also observed such that 
magnetic exchange occurs between ribbons, mediated by pendant [Au(CN)2]
- anions 
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hydrogen bonded to bridging water molecules on adjacent ribbons.  However, the 
significantly different structures adopted by M(µ-OH2)2[Au(CN)2]2 polymers compared 
to the M(H2O)4[Au(CN)4]2·4H2O system limit comparisons of their magnetic 
properties. 
In order to assess the efficacy of [Au(CN)4]
-
 as a mediator of magnetic exchange 
in comparison to other cyanometallates, a series of Ni(II) coordination polymers with 
linear 1-D cyanometallate rods was examined.
57
  The zero-field splitting parameter, D, 
was previously determined for a series of Ni(II) polymers, while fixing the g values.  In 
[Ni(en)2Ag2(CN)3][Ag(CN)2], the eight atom [Ag2(CN)3]
-
 anion bridges Ni(II) ions in a 
1-D chain fashion; this pathway is assumed to be too long to facilitate any magnetic 
coupling and the D value was found to be 2.8 cm
-1
 with a g value of 2.23; this value 
also represents the zero-field splitting D value for the isolated Ni(II) centre.  The 
structurally similar [Ni(en)][Ni(CN)4] polymer exhibits a D value of 5.0 cm
-1
 with the g 
value fixed at 2.23 in order to allow for meaningful comparisons of the magnetic 
exchange. Since this value is significantly larger, despite the similar coordination 
sphere, some antiferromagnetic interactions are also present.  This result suggests that 
[Ni(CN)4]
2-
 is a better mediator of magnetic exchange than [Ag2(CN)3]
-
, due to the 
shorter Ni(II)-Ni(II) distance through the diamagnetic bridge. 
The same method was applied in determining the zero-field splitting parameter 
of [Ni(tren)Ag(CN)2][Ag(CN)2], which has a shorter [Ag(CN)2]
-
 bridge compared to 
the [Ag2(CN)3]
-
 case.  In this case, the D value was found to be 4.6 cm
-1
, with the g 
value remaining fixed at 2.23.  Furthermore, zero-field splitting was modelled for 
another previously reported [Ni(tren)Au(CN)2][Au(CN)2] polymer.
184
  In this case, the 
D value was found to be 3.1 cm
-1
 (with the g value fixed at 2.23).  This lower result 
indicates that Ag(I) is a better mediator of magnetic exchange than Au(I) for [M(CN)2]
-
 
cyanometallates, while [Ni(CN)4]
2-
 is the best mediator of the three anions. 
In the case of Ni(H2O)4[Au(CN)4]2·4H2O, modelling the zero-field splitting 
without a molecular field approximation yields a D value of 5.71(9) cm
-1
 with a g value 
of 2.143(3).  The g value was not fixed at 2.23 because of differences in the 
coordination sphere around the Ni(II) centre.  The magnitude of the D value for this 
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polymer suggests that Au(III) is a better mediator of magnetic exchange than any of the 
Ni(II), Ag(I), or Au(I) cyanometallates. 
Thus, the apparently high D value zero-field splitting behaviour likely also 
incorporates weak antiferromagnetic interactions.  The antiferromagnetic interactions 
are propagated through the network of hydrogen bonds or through the long pathways 
provided by bridging [Au(CN)4]
-
 anions.  These interactions would also cause a 
decrease in !MT at low temperatures that may exaggerate the apparent zero-field 
splitting. 
A similar comparison could theoretically be performed for 1-D chains of Mn(II) 
ions.  This structural motif is adopted in both the Mn(H2O)4[Au(CN)4]2·4H2O and 
[Mn(terpy)Au(CN)2][Au(CN)2] coordination polymers.
53
  However, the magnetism of 
[Mn(terpy)Au(CN)2][Au(CN)2] has not yet been reported. 
In addition to SQUID measurements performed at SFU, µSR measurements 
were also performed on all paramagnetic polymers at the TRIUMF facility in 
collaboration with the group of Prof. Jeff Sonier in the Department of Physics at SFU.  
Detailed results are beyond the scope of this thesis, although preliminary results suggest 
that magnetic ordering occurs below 0.7 K for the Cu(H2O)4[Au(CN)4]2 and spin-
freezing of the Mn(II) and Co(II) analogues occurs below 2 K; the Ni(II) sample only 
shows a slowing down of moments, with no transition behaviour. 
3.4 Conclusions 
The results presented in this chapter show that employment of [Au(CN)4]
-
 as a 
building block in coordination polymers with first row transition metals is possible, 
although it does present some challenges.  The foremost difficulty in using this building 
block is the inherent weak Lewis basicity of the terminal nitriles, which is due to the 
high oxidation state of the central Au(III) atom.  This decreases the strength of 
[Au(CN)4]
-
 as a ligand, with the synthetic implications being that polymer formation is 
extremely slow and side products are also likely to form.  Alternative synthetic 
strategies through variations in solvent and starting materials generally failed to 
produce the desired product, suggesting that aqueous synthesis is necessary for 
formation of these polymers.  However, these observations suggest avenues for the 
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formation of alternative coordination polymers lacking capping ligands.  Synthesis 
using very concentrated or saturated solutions increases the speed of polymer 
formation. 
The thermal stability profiles of these polymers indicate that the eight water 
molecules are lost in one stage.  This loss suggests that a stable, dehydrated polymer, 
M[Au(CN)4]2 may be synthetically accessible for M = Mn, Fe, Co, Ni, Cu, and Zn.  
Such a polymer would not be able to rely on the extensive network of hydrogen 
bonding that exists in the fully hydrated variants and would likely undergo structural 
rearrangement. 
In the case of Cu(H2O)4[Au(CN)4]2, the partially dehydrated polymer exhibits a 
shift in the wavelength of reflected visible light and the observed !CN bands when it is 
exposed to a number of VOCs.  This suggests that the polymer has sufficient inherent 
flexibility to allow it to undergo structural rearrangements.  These results indicate that 
partially dehydrated polymers incorporating the other metals employed in this chapter 
may exhibit greater flexibility, thus making them suitable as vapochromic materials as 
well. 
Analyses of the magnetic susceptibility measurements of these polymers 
indicate that only weak coupling is observed.  Based on the modelled zero-field 
splitting parameter for Ni(H2O)4[Au(CN)4]2·4H2O, it appears that the diamagnetic 
[Au(CN)4]
-
 unit is a slightly better mediator of magnetic exchange than any of 
[Ni(CN)4]
2-
, [Ag(CN)2]
-
, or [Au(CN)2]
-
.  However, our data does not discern whether 
the exchange is actually mediated by [Au(CN)4]
-
 units or the network of hydrogen-
bonded water molecules.  Synthesis of a deuterated Ni(D2O)4[Au(CN)4]2·4D2O 
analogue may provide more insight into the dependence of the antiferromagnetic 
interactions on the existing hydrogen-bonded network.  If the partially dehydrated 
Ni(H2O)4[Au(CN)4]2 polymer could be prepared, and it retained the 1-D Ni(II)-
[Au(CN)4] alternating chain motif but the hydrogen bonding network was disrupted, it 
would allow a more direct comparison of the magnetic mediation exhibited by the four 
cyanometallates. 
A number of avenues for further research are available with these polymers.  
Preparation of the fully- and partially-dehydrated polymers is desirable in order to 
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compare the magnetic, porosity, and vapochromic properties to the hydrated variants.  
Structural elucidation of these dehydrated polymers would be a priority, which would 
most likely be carried out by powder X-ray diffraction.  Synthesis of these polymers in 
non-aqueous solvent systems may also yield new products. 
Further characterization is also required in understanding the 
Cu(H2O)x[Au(CN)4]2·analyte adducts.  The chemical formulae of these adducts can be 
determined by elemental analysis to determine the number of water and VOC 
molecules that are incorporated into the structure.  Further studies could also work 
towards determining the structures of the various adducts, using powder X-ray 
diffraction techniques.  The nature of vapochromism exhibited by Cu(H2O)4[Au(CN)4]2 
could also be studied further to understand the kinetics of VOC uptake through dynamic 
IR or UV-Vis and define a minimum detection limit. 
Additionally, similar polymers could be synthesized with different metals that 
are better suited to the weak Lewis base properties of [Au(CN)4]
-
.  Metals that are 
relatively hard would be suited to the coordination of nitriles while increasing the Lewis 
acidity may also increase the attraction between the [Au(CN)4]
-
 anion and another 
metal.  With this in mind, earlier transition metals may be suitable for coordination 
polymers with [Au(CN)4]
-
; an even better choice could be lanthanide cations.  The 
relatively hard lanthanides have a higher charge than the M(II) cations described here 
and this electrostatic attraction may improve polymer formation. 
3.5 Experimental 
3.5.1 General Experimental Procedures 
Experimental conditions used in the synthesis of compounds described in this 
chapter were consistent with those described in Section 2.5.1. 
Thermogravimetric analysis data were collected using a Shimadzu TGA-50 in 
an air atmosphere while heating at 1 °C/min.  Nitrogen and hydrogen porosity 
measurements at 77 K were performed on a Micromeritics ASAP 2020 porosimeter.  
Samples were prepared by heating to 150° C under vacuum in order to degas the 
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sample and remove surface-bound solvent.  A maximum pressure of 850 mm Hg was 
used. 
Vapochromic tests were performed by depositing 5-10 mg of polycrystalline 
sample in a glass vial.  The sample had been manually ground with a mortar and pestle 
for approximately 20 seconds.  Strips of filter paper were then wetted with solvent and 
were held in the sealed vial by the cap such that the paper was not in direct contact with 
the sample.  The sample was monitored for a colour change, and FT-IR spectroscopy 
was performed in order to examine the effect of the samples’ exposure to solvent 
vapors.  Solid-state UV-Visible reflectance spectra were monitored using an Ocean 
Optics QE65000 spectrometer with an Ocean Optics DH-2000-FHS 
deuterium/tungsten-halogen source. 
Magnetization measurements for each compound were performed using a 
Quantum Design MPMS-XL-7S SQUID magnetometer with an Evercool-equipped 
liquid helium dewar.  Crystalline samples were ground and packed in gelatin capsules, 
which were then mounted in diamagnetic plastic straws.  Direct current (dc) 
magnetization was measured while cooling from 300 to 1.8 K under an applied dc field 
of 100 or 1000 G for M(H2O)4[Au(CN)4]2·4H2O (M = Mn, Ni, Co), 
Fe(OH)(H2O)3[Au(CN)4]2·4H2O, and Cu(H2O)4[Au(CN)4]2.  The magnetic 
susceptibility of each compound was corrected for the diamagnetic contribution of the 
constituent atoms using Pascal’s constants.
102
 
µSR experiments were performed on M(H2O)4[Au(CN)4]2·4H2O (M = Mn, Ni, 
Co and Cu(H2O)4[Au(CN)4]2 in collaboration with the Sonier group in the Department 
of Physics at Simon Fraser University.  These experiments were performed using a 
dilution refrigerator on the M15 surface muon beam line at the TRIUniversity Meson 
Facility (TRIUMF) in Vancouver, Canada.  Polycrystalline samples of each compound 
were pressed into pellets ranging in mass from 250 to 500 mg with a diameter of 1 cm, 
which were in turn varnished onto a silver backing plate.  The silver backing plate was 
thermally anchored to the cold finger of a 
3
He/
4
He dilution refrigerator.  The µSR 
measurements were taken in zero external magnetic field (ZF). 
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3.5.2 Synthesis of Mn(H2O)4[Au(CN)4]2!4H2O 
A 5 mL aqueous solution of KAu(CN)4 (0.671 g, 1.97 mmol), was added to a 1 
mL aqueous solution of Mn(ClO4)2·6H2O (0.380 g, 1.05 mmol), which resulted in a 
clear colourless solution.  After slow evaporation occurred for ten days, colourless 
crystals of KClO4 were isolated from the solution by vacuum filtration and the 
colourless filtrate was retained.  After two additional weeks of slow evaporation, 
colourless crystals of Mn(H2O)4[Au(CN)4]2·4H2O were isolated by vacuum filtration.  
Yield: 0.281 g, 8.89 %.  Anal. Calcd. for C8H16N8Au2MnO8: C 11.99 %, H 2.01 %, N 
13.99 %.  Found: C 11.89 %, H 2.04 %, N 13.71 %.  FT-IR (ATR): 3448(br,s), 
3188(br,s), !CN: 2228(m), 2213(mw), 2192(mw), 1641(m), 1106(m) cm
-1
. 
3.5.3 Synthesis of Fe(OH)(H2O)3[Au(CN)4]2!4H2O 
A 5 mL, 50 % methanol/water solution of KAu(CN)4 (0.480 g, 1.41 mmol), was 
added to a 2 mL, 50% methanol/water solution of FeCl3·6H2O (0.127 g, 0.471 mmol), 
which resulted in a clear yellow solution.  After about 10 weeks, small yellow crystals 
of Fe(OH)(H2O)3[Au(CN)4]2·4H2O were collected from the solution by vacuum 
filtration (Yield: 0.068 g, 18 %).  The retained yellow filtrate gradually deposited 
additional yellow crystals one and two months later (Yields: 0.074 g, 20 % and 0.225 g, 
59.7 %, respectively).  The IR spectra of the three batches of crystals were 
superimposable.  Total yield: 0.367 g, 97.4 %.  Anal. Calcd. for C8H15N8Au2FeO8: C 
12.00 %, H 1.89 %, N 13.99 %.  Found: C 11.93 %, H 1.89 %, N 13.65 %.  IR (ATR): 
3417(br,s), 3188(br,s), !CN: 2226(m), 2213(mw), 2192(m), 1641(ms), 732(br,s) cm
-1
. 
3.5.4 Synthesis of Co(H2O)4[Au(CN)4]2!4H2O 
A 6 mL aqueous solution of KAu(CN)4 (0.482 g, 1.42 mmol) was added to a 1 
mL aqueous solution of CoCl2·6H2O (0.167 g, 0.704 mmol), which resulted in a clear 
orange solution.  After one week, orange X-ray quality crystals  of 
Co(H2O)4[Au(CN)4]2·4H2O were collected by vacuum filtration and the orange filtrate 
was retained (Yield: 0.332 g, 58.6 %).  Further crystals with matching IR spectra were 
deposited over time, which were collected two weeks and fourteen weeks later (Yields: 
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0.126 g, 22.2 % and 0.041 g, 7.2 %, respectively).  Total yield: 0.499 g, 88.0 %.    Anal. 
Calcd. for C8H16N8Au2CoO8: C 11.93 %, H 2.00 %, N 13.92 %.  Found: C 11.92 %, H 
2.08 %, N 13.67 %.  IR (ATR): 3512(br,s), 3439(br,s), 3185(br,s), !CN: 2231(m), 
2215(mw), 2192(m), 1644(m), 1085(mw), 843(w), 749(mw), 627(mw) cm
-1
. 
3.5.5 Synthesis of Ni(H2O)4[Au(CN)4]2!4H2O 
A 6 mL aqueous solution of KAu(CN)4 (0.478 g, 1.40 mmol), was added to a 1 
mL aqueous solution of NiCl2·6H2O (0.168 g, 0.708 mmol), which resulted in a clear, 
light green solution.  Light blue crystals were deposited after one month, which were 
collected by vacuum filtration and air-dried (Yield: 0.442 g, 78.2 %); the light blue 
filtrate was retained.  Additional blue crystals with a matching IR spectrum were 
collected three months later (Yield: 0.019 g, 3.4 %).  Total yield: 0.461 g, 81.5 %.  
Anal. Calcd. for C8H16N8Au2NiO8: C 11.94 %, H 2.00 %, N 13.92 %.  Found: C 11.96 
%, H 2.06 %, N 14.10 %.  IR (ATR): 3513(br,s), 3446(br,s), 3218(br,s), !CN: 
2239(mw), 2215(mw), 2191(mw), 1636(m), 1299(br,mw), 853(sh,ms), 739(br,s) cm
-1
. 
3.5.6 Synthesis of Cu(H2O)4[Au(CN)4]2!4H2O 
A 6 mL aqueous solution of KAu(CN)4 (0.476 g, 1.40 mmol), was added to a 1 
mL aqueous solution of CuCl2·2(H2O) (0.129 g, 0.756 mmol), which resulted in a clear, 
blue solution.  Colourless crystals of KCl were removed from the blue filtrate after one 
month; two months later, deposited blue crystals were collected by vacuum filtration 
(Yield: 0.053 g, 9.4 %).  The blue filtrate was retained and additional blue crystals were 
collected approximately eight months later with a matching IR spectrum (Yield: 0.193 
g, 34.1 %).  Allowing the blue crystals to be exposed to the atmosphere partially 
dehydrates the compound to Cu(H2O)4[Au(CN)4]2; elemental analysis results are for the 
partially dehydrated sample.  The fully hydrated compound is stable indefinitely in a 
sealed vial.  Total yield: 0.246 g, 43.4 %. Anal. Calcd. for C8H8N8Au2CuO4: C 13.03 
%, H 1.09 %, N 15.19 %.  Found: C 13.07 %, H 0.80 %, N 15.11 %.  IR of 
Cu(H2O)4[Au(CN)4]2·4H2O (ATR): 3435(br,s), !CN: 2248(st), 2209(mw), 2189(mw), 
1626(ms), 1222(w), 628(mw), 524(st), 434(st) cm
-1
.  IR of Cu(H2O)4[Au(CN)4]2 
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(ATR): 3644(m), 3430(br,m), !CN:, 2248(m), 2209(w), 2189(m), 1601(mw), 1333(w), 
964(w), 520(st) cm
-1
. 
Note: synthesis of this compound can be sped up by mixing more concentrated 
solutions of KAu(CN)4 and a Cu
2+
 salt such as CuCl2·2H2O or Cu(ClO4)2·6H2O. 
3.5.7 Synthesis of Zn(H2O)4[Au(CN)4]2!4H2O 
A 5 mL 50 % methanol/water solution of KAu(CN)4 (0.4760 g, 1.399 mmol), 
was added to a 2 mL solution of 50 % methanol/water solution of Zn(NO3)2·6H2O 
(0.2070 g, 0.6958 mmol), which resulted in a clear, colourless solution.  Colourless 
crystals were deposited in the solution three months later and were isolated by vacuum 
filtration (Yield: 0.339 g, 60.0 %).  Additional colourless crystals were collected one 
week later and had a matching IR spectrum (Yield: 0.066 g, 11 %).  Total yield: 0.405 
g, 71.7 %.  Anal. Calcd. for C8H16N8Au2O8Zn: C 11.84 %, H 1.99 %, N 13.81 %.  
Found: C 11.74 %, H 1.90 %, N 13.67 %.  IR (KBr): 3577(br,s), 3259(sh,m), !CN: 
2207(w), 2191(ms), 2189(ms), 1564(st), 1383(w), 1353(w), 990(br,mw), 527(ms) cm
-1
. 
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Chapter 4: Incorporation of Capping and Bridging 
Ligands into Tetracyanoaurate Coordination Polymers 
4.1 Introduction 
4.1.1 An Overview of Ligands Employed in Coordination 
Polymers 
Incorporating a bridging or chelating ligand into a coordination polymer can 
influence the overall architecture of a coordination polymer and, by extension, its 
properties.
17, 185
  Use of chelating ligands could result in 1-D chains with a zig-zag 
motif if only one ligand coordinates to the metal, leaving cis coordination sites open for 
coordination by bridging units, or could also allow for propagation of linear 1-D rods if 
the equatorial coordination sites are occupied by a ligand.
17, 185
  Polymers with these 
motifs have been previously synthesized in the Leznoff group for both [Au(CN)2]
-
- and 
[Au(CN)4]
-
-based polymers.
29, 52, 53, 55, 81, 83, 84, 126-128, 149
  Bridging ligands are often 
employed as a means of extending the polymeric structure.  When the bridging unit is 
sufficiently long, discrete pores can be formed in the polymeric network that can be 
  127 
used for gas storage as long as interpenetration does not occur.
17, 29, 175
  In this sense, the 
ligand acts in an ancillary role and influences the architecture of the polymer. 
Alternatively, a ligand that has desirable inherent properties may confer those 
properties to the bulk material when it is incorporated into a polymer.  This has been 
observed for coordination polymers using 2,2!;6!,2"-terpyridine.  This ligand exhibits a 
high degree of polarizability and, when arranged in parallel by the scaffold of a 
coordination polymer, high birefringence is observed.
53, 55, 82, 84
  (Birefringence is the 
difference in the refractive indices in two perpendicular directions through a crystal.)  
Similarly, introduction of a chiral ligand
83, 186-189
 may exhibit non-linear optical 
properties
190-192
 or enantiomeric selection
25, 193-195
 as a result of its chirality.  Finally, 
employment of luminescent or radical molecules as ligands in coordination polymers 
allows interpretation of the structural effects of a polymer on observed emissive and 
magnetic properties.
196-198
 
4.1.2 Goals of using ligands in Tetracyanoaurate coordination 
polymers 
Synthesizing coordination polymers with the [Au(CN)4]
-
 and ancillary ligands 
poses some challenges.  The weak Lewis basicity of [Au(CN)4]
-
 allows other ligands to 
outcompete it for the vacant coordination sites on the metal.  The result of this 
competition is that metals can be fully saturated by the ligands without allowing for 
binding by [Au(CN)4]
-
.  Despite the materials presented in Chapter 2 with fully-
saturated [M(terpy)2]
2+
 cations, employment of this ligand with Cu
2+
 was appealing 
because of the Jahn-Teller axis that could weaken coordination of the ligand in axial 
cites and discourage coordination of two terpy ligands.  Additionally, 4,4!-bipy was 
selected as a suitable ligand because it could result in the formation of a higher 
dimensional structure through bridging of the 1-D rods formed through reaction of first-
row transition metals and [Au(CN)4]
-
, as seen in Chapter 3. 
These two ligands have also been chosen in order to target specific properties.  
In the case of terpy, [Au(CN)2]
-
 polymers incorporating this ligand have been shown to 
be highly birefringent materials.  With 4,4!-bipy, some polymers have been synthesized 
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that are highly porous.  Any bridging of the metal centres in these polymers may also 
exhibit interesting magnetism due to the increase in structural dimensionality. 
4.2 Cu(terpy)[Au(CN)4]0.5[ClO4]1.5!"H2O Results 
4.2.1 Synthesis 
The addition of one equivalent of methanolic terpyridine to a methanolic 
solution of Cu(ClO4)2·6H2O resulted in an immediate colour change, indicating that the 
ligand has coordinated to the metal.  Further addition of two equivalents of methanolic 
[NBu4][Au(CN)4] resulted in a colour change.  Blue crystals of 
Cu(terpy)[Au(CN)4]0.5[ClO4]1.5·!H2O were deposited six weeks later. 
Surprisingly, despite the addition of two equivalents of [Au(CN)4]
-
, only a half 
equivalent was incorporated into the molecule, with the charge then being balanced by 
1.5 equivalents of a [ClO4]
-
 anion.  A related reaction using CuCl2·2H2O as a starting 
material instead of Cu(ClO4)2·6H2O was performed in order to prevent incorporation of 
the perchlorate anion.  The results of this experiment are presented in section 4.3. 
The FT-IR spectrum of Cu(terpy)[Au(CN)4]0.5[ClO4]1.5·!H2O indicates the 
presence of the terpyridine ligand through !CH modes at 3113, 3091, 3029, and 2972 
cm
-1
 and the [ClO4]
-
 anion through a characteristic peak at 1070 cm
-1
.  The presence of 
the [Au(CN)4]
-
 anion is indicated through very weak !CN modes at 2266, 2258, 2256, 
2216, and 2189 cm
-1
.  This blue shift of the !CN modes (excluding that at 2189 cm
-1
) 
indicates that electron density is withdrawn from the nitriles through bridging of the 
Au(III) and Cu(II) metal centres.  The !CN modes observed are also extremely weak, 
suggesting that the [Au(CN)4]
-
 anion is highly symmetric in terms of the dipole 
moments of the terminal nitriles. 
4.2.2 Structure 
The structure of Cu(terpy)[Au(CN)4]0.5[ClO4]1.5·!H2O was determined by 
single crystal X-ray diffraction using the collected blue crystals.  The structure consists 
of Cu(II) metal centres coordinated by one terpy ligand, two terminal nitriles 
originating from [Au(CN)4]
-
 anions, and one perchlorate anion, as shown in Figure 
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4.1a.  The Cu(1)-O(52) bond is 2.655(8) Å, which is longer than a normal coordinate 
bond between an oxygen atom and Cu(II) but still less than the sum of the van der 
Waals radii for these atoms (2.82-3.06 Å).132, 199  Thus, the metal adopts a distorted 
octahedral geometry such that the terpy ligand coordinates along one meridian while 
the two nitriles and perchlorate ligands make up the other meridian, with the nitriles 
coordinated in a cis fashion.  The Jahn-Teller distorted axial bonds are Cu(1)-O(52) and 
Cu(1)-N(1) with bond lengths of 2.655(8) and 2.318(4) Å, respectively, while the 
equatorial bond lengths range from 1.929(4) to 2.021(4) Å.  Bond lengths and angles 
about the Au(III) metal centre and nitrile ligands are standard.  Bond lengths and angles 
for this structure are collected in Table 4.1. 
Table 4.1 Selected bond lengths (Å) and angles (deg) for 
Cu(terpy)[Au(CN)4]0.5[ClO4]1.5·!H2O 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(1) 1.998(4) Au(1) – C(2) 1.992(4) 
C(1) – N(1) 1.135(6) C(2) – N(2) 1.134(6) 
Cu(1) – N(1) 2.318(4) Cu(1) – N(12) 1.929(4) 
Cu(1) – N(2)˝ 1.973(4) Cu(1) – N(13) 2.021(4) 
Cu(1) – N(11) 2.015(4) Cu(1) ••• O(52) 2.655(8) 
Cl(1) – O(1) 1.369(7) Cl(1) – O(3) 1.390(7) 
Cl(1) – O(2) 1.352(7) Cl(1) – O(4) 1.343(7) 
Cl(2) – O(51) 1.448(6) Cl(2) – O(71) 1.444(6) 
Cl(2) – O(61) 1.456(6) Cl(2) – O(81) 1.427(6) 
Au(1) – O(1) 3.073(7) Au(1) – O(2)´ 3.078(9) 
Selected Atoms Angle Selected Atoms Angle 
C(1) – Au(1) – C(2) 179.35(17) C(2) – Au(1) – C(1)* 90.06(18) 
C(1) – Au(1) – C(1)* 90.6(3) C(2) – Au(1) – C(2)* 90.6(3) 
C(1) – Au(1) – C(2)* 90.06(18) C(1)* – Au(1) – C(2)* 179.35(17) 
Au(1) – C(1) – N(1) 179.4(4) Au(1) – C(2) – N(2) 179.2(4) 
C(1) – N(1) – Cu(1) 162.0(4) C(2) – N(2) – Cu(1)" 175.0(6) 
Continued on next page…   
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Selected Atoms Angle Selected Atoms Angle 
C(1) – Au(1) – O(1) 97.9(4) C(1)* – Au(1) – O(1) 97.9(4) 
C(2) – Au(1) – O(1) 89.1(3) C(2)* – Au(1) – O(1) 82.2(3) 
O(1) – Au(1) – O(2)´
 
163.3(4) N(2)
†
 – Cu(1) – N(12) 162.20(16) 
N(1) – Cu(1) – N(2)
† 
89.32(16) N(2)
†
 – Cu(1) – N(13) 99.19(17) 
N(1) – Cu(1) – N(11) 99.79(16) N(11) – Cu(1) – N(12) 80.43(12) 
N(1) – Cu(1) – N(12) 108.42(15) N(11) – Cu(1) – N(13) 160.89(16) 
N(1) – Cu(1) – N(13) 87.75(16) N(12) – Cu(1) – N(13) 80.53(17) 
N(2)
†
 – Cu(1) – N(11) 98.44(17)   
Symmetry Transformations: * ! x, y, 3/2-z; 
†
 ! -x, -1/2+y, 3/2-z; ´ ! 1+x, y, z; ˝ 
! -x, -1-y, 1-z; 
!
 ! -x, 1/2+y, 3/2-z 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 (Following Page) (a) The asymmetric unit of 
Cu(terpy)[Au(CN)4]0.5[ClO4]1.5·"H2O showing bridging of four 
[Cu(terpy)]
2+
 cations by [Au(CN)4]
-
 and (b) layering of 1-D 
molecular ribbons through "-" interactions and Au-O interactions, 
as viewed along the b-axis.  (c) The molecular squares formed by 
the 1-D ribbon motif, viewed down the a-axis.  (Symmetry 
transformations: * ! x, y, 3/2-z; 
†
 ! -x, -1/2+y, 3/2-z; 
‡
 ! x, y, 1/2-
z; ´ ! 1+x, y, z) 
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 In terms of supramolecular structure, the [Au(CN)4]
- anions are bound to four 
distinct [Cu(terpy)]2+ metal centres through terminal nitrile ligands, generating a 1-D 
chain of molecular squares, with the Au(III) centres composing the corners of adjacent 
squares, as seen in Figure 4.1c.  Each [Au(CN)4]
- anion coordinates equatorially to a 
pair of Cu(II) centres and then axially to the next pair of metal centres along the 
direction of chain propagation. 
This type of bridging where all four nitriles are coordinated to distinct metal 
centres is rare for [Au(CN)4]
-, with the only other known example being 
Cu(bipy)(H2O)2(Au(CN)4)0.5][Au(CN)4]1.5.
126  The latter structure adopts a similar 1-D 
chain of linked molecular squares, which has also been observed with both the 
[Ni(CN)4]
2- and [Pd(CN)4]
2- anions in [Cu2(medpt)2Ni(CN)4](ClO4)2·2.5H2O, 
[Cu2(medpt)2Pd(CN)4](ClO4)2·3H2O, and [Cu2(dien)2Pd(CN)4](ClO4)2·2CH3OH (medpt 
= bis(3-aminopropyl)methylamine), where similar 1-D chains are formed through 
propagation of [Cu2(L)2M(CN)4]
2+ (L = medpt, dien; M = Ni, Pd) squares with the 
Ni(II) and Pd(II) centres forming the nodes of adjacent squares.94, 98, 200 
The terpy ligands in this structure are not orthogonal to the direction of 
propagation of the chain and are also canted to one another along the chain, which 
prevents !-! stacking within the chain.  Furthermore, one of the two 
crystallographically distinct [ClO4]
- anions in this stucture lies in the space formed by 
the canted terpy ligands, which further prevents !-! stacking.  However, the canted 
terpy ligands do align favourably with terpy ligands on adjacent chains such that !-! 
interactions occur, with the closest contacts being 3.51-3.74 Å, as seen in Figure 4.1b.  
This distance is within the acceptable range for !-! stacking interactions.2  Thus, the 1-
D chains are packed through !-! interactions formed by the terpy ligands as well as an 
unusual interaction where the [ClO4]
- anion coordinates axially to two Au(III) centres 
from different chains forming another orthogonal 1-D chain (Au(1)-O(1) = 3.073(3) Å, 
Au(1)-O(2)´ = 3.078(9) Å; ´ " 1+x, y, z).  This interaction is less than the sum of the 
van der Waals radii of Au and O atoms, which is 3.08-3.32 Å.132  This type of axial 
coordination of a perchlorate anion to an Au(III) centre has not been previously 
observed.  Through coordination to Au(III), the perchlorate anion acts as a µ2-bridging 
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ligand, which is a bridging mode that has been previously observed in coordination 
polymers with [ClO4]
-
.
83, 201
 
4.2.3 Magnetic Properties 
The value of !MT at 300 K is 0.37 cm
3
 K mol
-1
 for Cu(terpy)[Au(CN)4]0.5- 
[ClO4]1.5·!H2O, which is a typical value for a Cu(II) (S = 1/2) metal centre.
172
  The 
value of !MT remains constant until 14 K, below which a very slight decrease to 0.36 
cm
3
 K mol
-1
 at 2 K is observed, as seen in Figure 4.2.  Although a low temperature 
decrease in !MT for a system with only Cu(II) paramagnetic centres normally indicates 
antiferromagnetic coupling, the very slight decrease in this case indicates that the 
coupling is very weak.  Indeed, the best-fit parameter for ! was -0.05(13) K using the 
Curie-Weiss Law.
102
  This low value of the ! parameter indicates that there is 
practically no coupling between Cu(II) centres in this complex. 
The lack of coupling in this complex is surprising considering that the four 
Cu(II) centres are linked together through each [Au(CN)4]
-
 unit.  However, closer 
examination of the 1-D chain in this structure suggests that there may be competing 
ferromagnetic and antiferromagnetic interactions.  The best orbital overlap would be 
expected for each pair of trans nitriles in [Au(CN)4]
-
 about the Au(III) centre.  For both 
pairs, this mediation of magnetic exchange would be expected to produce ferromagnetic 
interactions because of the alternating basal-apical coordination to Cu(II) that is 
observed.
102
  For the pairs of cis nitriles, less orbital overlap would be expected about 
the Au(III) centre, resulting in weaker mediation of magnetic exchange.  However, the 
4 cis pairs of ligands in [Au(CN)4]
-
 represent two axial-equatorial, one axial-axial, and 
one equatorial-equatorial linkage of Cu(II) centres, of which the latter pair of 
interactions would be expected to result in antiferromagnetic interactions.
43, 172
  With a 
number of pathways available for magnetic exchange, one possible reason that no 
apparent coupling is observed is that the ferromagnetic coupling and antiferromagnetic 
coupling pathways balance each other.  Although antiferromagnetic interactions are 
normally stronger than ferromagnetic interactions, their strength in this structure may 
be diminished by the less favourable overlap resulting from linkage through cis 
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mediators.  Similar magnetic behaviour was also observed in 
[Cu(bipy)(H2O)2[Au(CN)4]0.5][Au(CN)4]1.5.
126
 
 
Figure 4.2 Temperature dependence of the product of the magnetic 
susceptibility and temperature, !MT, for 
Cu(terpy)[Au(CN)4]0.5[ClO4]1.5·!H2O measured in a 1 kOe dc 
field. 
4.3 CuCl[Au(CN)4] Results 
4.3.1 Synthesis 
CuCl[Au(CN)4] was isolated by adding a methanolic solution of terpyridine to a 
methanolic solution of CuCl2·2H2O, which results in an immediate colour change to 
form a light blue solution.  Addition of methanolic KAu(CN)4 results in the formation 
of green crystals of CuCl[Au(CN)4] suitable for characterization by X-ray diffraction 
after 1 day.  The targeted product of this synthesis was a coordination polymer 
incorporating a Cu(II) centre, a terpy ligand, and an [Au(CN)4]
-
 building block without 
the [ClO4]
-
 anion, such as [Cu(terpy)Au(CN)4][Au(CN)4] or [Cu(terpy)][Au(CN)4]Cl.  
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The identity of the spectator anion has also influenced synthesis in other coordination 
polymers incorporating [Au(CN)2]
-.54, 83  Attempts to synthesize CuCl[Au(CN)4] 
rationally by the reaction of CuCl2·2H2O and KAu(CN)4 directly resulted in 
Cu(H2O)4[Au(CN)4]2·4H2O.  Elemental analysis results of the recovered product 
indicate that the structurally-determined product of this reaction is impure, likely due to 
the presence of the terpy ligand.  (Washing the compound with an organic solvent may 
remove the organic impurity, although this was not attempted.) 
The FT-IR spectrum of CuCl[Au(CN)4] shows the presence of weak !CN modes 
at 2197, 2181, and 2174 cm-1.  The red-shifted peak at 2174 cm-1 indicates that the 
bridging nitrile ligands are acting as electron recipients in a back-bonding situation.  
The coordination polymer lacks the terpy ancillary ligand and as a result, C-H, or C=C 
bonds should be absent.  However, a number of !CH and !C=C modes are observed, 
which suggests the presence of terpy as an impurity.  Indeed, elemental analysis results 
showed a much higher than expected proportion of carbon in the collected sample, 
indicating that terpy is also present in the product. 
4.3.2 Structure 
X-ray crystallography was employed to determine the structure of single 
crystals of CuCl[Au(CN)4].  The structure consists of a five-coordinate square 
pyramidal Cu(II) metal centre coordinated by one chloride ligand and four bridging 
nitriles originating from [Au(CN)4]
- anions, as shown in Figure 4.3.  The basal ligands 
are made up of the chloride ligand, two crystallographically equivalent trans C(1)-N(1) 
nitriles, and the C(2)-N(2) nitrile (Cu(1)-Cl(1) = 2.2474(10) Å; Cu(1)-N(1) = 1.968(3) 
Å; Cu(2)-N(2)‡ = 2.022(4) Å; 
‡ " 1-x, 1+y, 2-z).  The apical ligand is the C(3)-N(3) 
ligand (Cu(1)-N(3)´ = 2.229 Å; ´ " 3/2-x, 1/2+y, 1/2+z).  The bond lengths and angles 
are collected in Table 4.2.  As expected, the apical Cu–N bond is longer than the basal 
counterparts; bond lengths and angles about the Au(III) centre are standard. 
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Figure 4.3 Bonding between [Au(CN)4]
-
 units and Cu(II) in CuCl[Au(CN)4].  
(Symmetry transformations: * ! x, 1/2-y, z; 
†
 ! x, 3/2-y, z; 
‡
 ! 1-x, 
1+y, 2-z; ´ ! 3/2-x, 1/2+y, 1/2+z) 
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Table 4.2 Selected bond lengths (Å) and angles (deg) for CuCl[Au(CN)4] 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(1) 1.988(3) Au(1) – C(2) 1.992(4) 
Au(1) – C(1)* 1.988(3) Au(1) – C(3) 1.996(4) 
C(1) – N(1) 1.140(5) C(3) – N(3) 1.126(5) 
C(2) – N(2) 1.137(6)   
Cu(1) – N(1) 1.968(3) Cu(1) – N(1)† 1.968(3) 
Cu(1) – N(2)‡ 2.022(4) Cu(1) – N(3)´ 2.229(4) 
Cu(1) – Cl(1) 2.2474(10)   
Au(1) – Cl(1)* 3.1085(10) Au(1) – Cl& 3.2254(10) 
Selected Atoms Angle Selected Atoms Angle 
C(1) – Au(1) – C(2) 90.79(8) C(2) – Au(1) – C(1)* 90.79(8) 
C(1) – Au(1) – C(1)* 178.35(16) C(2) – Au(1) – C(3) 179.18(17) 
C(1) – Au(1) – C(3) 89.20(8) C(1)* – Au(1) – C(3) 89.20(8) 
Au(1) – C(1) – N(1) 178.4(2) Au(1) – C(3) – N(3) 176.8(4) 
Au(1) – C(2) – N(2) 179.0(4) C(1) – N(1) – Cu(1) 177.0(3) 
C(2) – N(2) – Cu(1)$ 173.1(4) C(3) – N(3) – Cu(1)£ 151.2(4) 
Au(1)˝ – Cl(1) – Cu(1) 98.03(4) Au(1)§ – Cl(1) – Cu(1) 134.02(4) 
Au(1)˝ – Cl(1) – Au(1)§ 127.95(3) Cl(1)˝ – Au(1) – Cl(1)& 169.959(17) 
C(1) – Au(1) – Cl(1)& 89.86(9) C(1)* – Au(1) – Cl(1)& 89.86(9) 
C(2) – Au(1) – Cl(1)& 83.43(13) C(3) – Au(1) – Cl(1)& 95.75(12) 
C(1) – Au(1) – Cl(1)˝ 90.28(9) C(1)* – Au(1) – Cl(1)˝ 90.28(9) 
C(2) – Au(1) – Cl(1)˝ 86.53(13) C(3) – Au(1) – Cl(1)˝ 94.29(13) 
N(1) – Cu(1) – Cl(1) 91.04(8) Cl(1) – Cu(1) – N(2)‡ 160.60(13) 
N(1) – Cu(1) – N(1)† 172.78(18) Cl(1) – Cu(1) – N(3)´ 109.67(13) 
N(1) – Cu(1) – N(2)‡ 87.87(8) N(1)† – Cu(1) – N(2)‡ 87.87(8) 
N(1) – Cu(1) – N(3)´ 92.90(9) N(1)† – Cu(1) – N(3)´ 92.90(9) 
Cl(1) – Cu(1) – N(1)† 91.04(8) N(2)‡ – Cu(1) – N(3)´ 89.73(18) 
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Symmetry Transformations: * ! x, 1/2-y, z; † ! x, 3/2-y, z; ‡ ! 1-x, 1/2+y, 2-z; ´ ! 
3/2-x, 1/2+y, 1/2+z; ˝ ! 1-x, 1-y, 1-z; & ! 3/2-x, 1-y, -z; § ! 3/2-x, 1-y, -
1/2+z; $ ! 1-x, 1-y, 2-z; £ ! 3/2-x, -1/2+y, -1/2+z 
Examining the supramolecular structure of this compound reveals a polymeric 
network that is propagated in all three dimensions.  Infinite, linear 1-D rods are formed 
through the bridging of crystallographically equivalent trans-nitriles, C(1)-N(1), 
between Cu(1) and Au(1).  These rods are joined to adjacent Au(1)–Cu(1) rods through 
C(2)-N(2) and C(3)-N(3) nitriles, which coordinate to the basal and apical sites of 
adjacent Cu(1) centres, respectively, as seen in Figure 4.4a.  This coordination links the 
1-D rods to one another to form corrugated 2-D sheets, which are observed in Figure 
4.4b.  The 2-D sheets are packed with one another to form a 3-D network through 
Au(III)-Cl interactions of 3.1085(10) and 3.2254(10) Å, where the Cl anion coordinates 
to the axial sites of the square planar Au(III) centre, as seen in Figure 4.4c.  These 
interactions are relatively short considering the van der Waals radius of the Cl atom, 
which is 1.70-1.75 Å; this means that the sum of the Au and Cl van der Waals radii 
ranges between 3.36-3.41 Å and these interactions are well within the limits of the van 
der Waals radii.132  In this structure, the chloride lies in the groove formed by the 
corrugated 2-D network such that each chloride bridges two Au(III) centres and the 
Cu(II) centre such that each Cl atom is µ3.  Furthermore, looking along the b-axis 
reveals that the corrugated sheets are also connected in a herringbone-like motif 
through cyano-nitriles that bridge Au to the apical site of Cu, which further extends the 
structure.  (The coordination of these bridging nitriles is shown in Figure 4.4a as 
doubleheaded arrows.) 
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Figure 4.4 (Preceding Page) (a) Construction of the 3-D supramolecular 
structure in CuCl[Au(CN)4] based on coordination of terminal 
nitriles to apical sites of Cu(II) centres and (b) an orthogonal view 
along the b-axis shows the herringbone-like motif adopted by this 
structure.  (c) A view of the µ
3
 bonding of the Cl atom to Cu(1) 
and two equivalent Au(1) atoms is also shown.  (Symmetry 
transformations: * ! x, 1/2-y, z; ˝ ! 1-x, 1-y, 1-z; & ! 3/2-x, -1/2+y, 
1/2+z; 
!
 ! 1/2+x, 1/2-y, 3/2-z) 
This structure represents another rare situation where [Au(CN)4]
-
 coordinates to 
a metal centre through all four of its cyano moieties.  With the only alternative ligand 
being a chloride anion, the Cu(II) centre appears to be somewhat more Lewis acidic 
than what was observed in Cu(H2O)4[Au(CN)4]2·4H2O and, as a result, requires 
coordination through all four available nitriles.  The apparent effect of this type of 
coordination on the [Au(CN)4]
-
 anion is that the Au(III) centre becomes more Lewis 
acidic as electron density is drawn from the nitriles and, in turn, the Au(III) centre.  
This results in unusual modes of stabilization of the Au(III) centre through weak 
coordination by Cl
-
, or ClO4
-
 as observed in [Cu(terpy)Au(CN)4]ClO4.  Given the 
apparent Lewis acidity in the Cu(II) centre, it is surprising that the terpy ligand is not 
incorporated into the structure, as it would have a comparatively high degree of 
stabilization to offer the metal. 
4.3.3 Magnetic Properties 
At 300 K, the value of "MT is 0.32 cm
3
 K mol
-1
; this value of "MT remains 
constant as the temperature is decreased from 300 to 75 K.  Below 75 K, the value of 
"MT increases until a maximum value of 0.43 cm
3
 K mol
-1
 is reached at 3 K.  This peak 
is indicative of ferromagnetic coupling.  Between 3 K and 2 K, the value of "MT 
decreases slightly to 0.42 cm
3
 K mol
-1
 at 2 K.  The maximum value of "MT that is 
reached does not correspond to a fully coupled S = 1 system, which would have a "MT 
value of 1 cm
3
 K mol
-1
.  Modelling this experimental data to the Curie-Weiss Law gives 
a best-fit ! parameter of ! = +0.86(18) K, indicating ferromagnetic interactions. 
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Figure 4.5 Temperature dependence of the product of the magnetic 
susceptibility, !MT, for CuCl[Au(CN)4] in an applied 1 kOe dc 
field. 
The basal-apical connections between Cu(II) centres suggest that ferromagnetic 
coupling may occur.
102
  It appears that the presence of apical-basal pathways between 
Cu(II) centres is responsible for the apparent ferromagnetic coupling, although the 
equatorial-equatorial pathways most likely prevent achievement of a value of !MT 
corresponding to two fully-coupled S = 1/2 centres.  Further magnetic studies are 
required to fully characterize the magnetism observed in this coordination polymer.  
Measurement of magnetization as a function of temperature under different external 
fields would reveal the presence of a field-dependence while measurement of the 
magnetization in an alternating-current field would show whether the ferromagnetic 
coupling leads to ordering in this compound.  Muon spin resonsance (µSR) 
measurements should also be obtained. 
Attempts to model the magnetic susceptibility as a function of temperature to 
the Bleany-Bowers equation for coupled Cu(II) dimers
102
 was unsuccessful.  This may 
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be due to the presence of a paramagnetic impurity in the sample, so repeating basic 
magnetic measurements on a known pure sample should be performed prior to further 
experiments.  (Indeed, the elemental analysis of this compound indicates that the 
sample used for SQUID magnetometry is impure.  Further attempts to prepare a pure 
sample have not been successful thus far and should be pursued before further magnetic 
studies.) 
4.4 [Cu(4,4!-bipy)2(H2O)2][Au(CN)4]2!H2O Results 
4.4.1 Synthesis 
The synthesis of [Cu(4,4!-bipy)2(H2O)2][Au(CN)4]2·H2O was performed by 
adding one equivalent of a 56 % methanol in H2O solution of 4,4!-bipy to an aqueous 
solution of Cu(ClO4)2·6H2O, which resulted in a light blue solution.  An aqueous 
solution of KAu(CN)4 was then added to the solution and a blue precipitate was isolated 
five days later by vacuum filtration. 
X-ray quality single crystals with a matching FT-IR spectrum were prepared by 
dissolving Cu(ClO4)2·6H2O and KAu(CN)4 in solutions of 50 % methanol/water.  These 
solutions were added to one side of an H-shaped vessel, while a 4,4´-bipy solution in 50 
% methanol/water was added to the opposite side.  Crystals were isolated three weeks 
later by vacuum filtration. 
The FT-IR spectra of these compounds indicate the presence of 4,4!-bipy 
through "CH and "C=C modes.  A pair of weak "CN modes are observed at 2209 and 2201 
cm-1, which indicate the presence of bridging cyano moieties. 
4.4.2 Structure 
The structure of [Cu(4,4!-bipy)2(H2O)2][Au(CN)4]2·H2O was determined by 
single crystal X-ray crystallography.  The Cu(II) centre exists in an octahedral 
coordination geometry, with the equatorial sites occupied by four 4,4!-bipy molecules 
while two crystallographically equivalent water molecules occupy the axial sites, as 
seen in Figure 4.6.  The axial Jahn-Teller axis has Cu(1)–O(1) bonds of 2.367(3) Å 
compared to the equatorial Cu(1)–N bond lengths ranging from 2.023(3) to 2.067(3) Å.  
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Little distortion is observed from the octahedral geometry about the metal centre; cis 
bonds range from 88.99(6)° to 91.01(6)° while trans bonds are 177.99(12)° to 180°.  
Bond lengths and angles are collected in Table 4.3.  The bond lengths and angles of the 
[Au(CN)4]
-
 anion are similarly standard and no distortion is seen to the square planar 
geometry. 
 
Figure 4.6 The asymmetric unit of [Cu(4,4!-bipy)2(H2O)2][Au(CN)4]2·H2O.  
(Symmetry transformations: * " 3/2-x, 3/2-y, z; 
†
 " 3/2-x, y, 1/2+z; 
‡
 " 1-x, 1-y, 1-z) 
The supramolecular structure of [Cu(4,4!-bipy)2(H2O)2][Au(CN)4]2·H2O is a 3-
D network formed through bridging of 4,4!-bipy ligands and hydrogen bonding, which 
is shown in Figure 4.7.  One pair of crystallographically equivalent 4,4!-bipy ligands 
coordinates to the Cu(1) centre through equivalent N(13) atoms; this results in 
propagation of a 1-D Cu-bipy chain.  A distinct 4,4!-bipy ligand also coordinates in a 
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trans fashion to Cu(1) through N(11) and N(12) atoms from the same molecule, which 
results the propagation of a second, perpendicular 1-D Cu-bipy chain.  While these two 
1-D chains are perpendicular to one another and are able to form 2-D networks, viewing 
the structure along the c-axis reveals that the 1-D chain propagated through the former 
4,4!-bipy molecule extends at different angles with alternating Cu(II) centres.  Thus, the 
3-D structure can be compared to a pillared, 2-D structure, where the pillars do not 
extend perpendicularly from the 2-D sheets, as shown in Figure 4.8.  This connectivity 
is similar to the NbO-type 3-D structure, although this type of structure normally has 
nodal points between sheets at 90° to one another.28  The connectivity and motif are the 
same in this structure, although the 2-D sheets do not intersect at 90° to one another. 
Table 4.3 Selected bond lengths (Å) and angles (deg) for [Cu(4,4!-
bipy)2(H2O)2][Au(CN)4]2·H2O 
Selected Atoms Bond Length Selected Atoms Bond Length 
Au(1) – C(1) 1.992(4) Au(1) – C(3) 1.995(5) 
Au(1) – C(2) 1.993(5) Au(1) – C(4) 1.994(5) 
C(1) – N(1) 1.134(5) C(3) – N(3) 1.133(6) 
C(2) – N(2) 1.135(6) C(4) – N(4) 1.149(5) 
Cu(1) – N(11) 2.022(3) Cu(1) – O(1) 2.368(3) 
Cu(1) – N(12) 2.022(3) Cu(1) – O(1)* 2.368(3) 
Cu(1) – N(13) 2.067(2) Cu(1) – N(13)* 2.067(2) 
N(1) ••• H(11) – O(1) 2.900(5) N(2)˝ ••• H(21) – O(2) 2.833(5) 
O(2) ••• H(12) – O(1) 2.858(5)   
Selected Atoms Angle Selected Atoms Angle 
C(1) – Au(1) – C(2) 90.4(2) C(2) – Au(1) – C(3) 90.5(2) 
C(1) – Au(1) – C(3) 177.8(2) C(2) – Au(1) – C(4) 177.0(2) 
C(1) – Au(1) – C(4) 89.63(19) C(3) – Au(1) – C(4) 89.61(19) 
Au(1) – C(1) – N(1) 177.6(4) Au(1) – C(3) – N(3) 178.7(5) 
Au(1) – C(2) – N(2) 177.7(5) Au(1) – C(4) – N(4) 175.9(5) 
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Symmetry Transformations: * ! 3/2-x, 3/2-y, z; ˝ ! 5/2-x, y, -1/2+z 
 
 
Figure 4.7 The extended structure of [Cu(4,4"-bipy)2(H2O)2][Au(CN)4]2·H2O 
showing connections of 2-D networks through the 4,4´-bipy 
molecule containing N(13), resulting in a 3-D network.  The 
interstitial spaces are occupied by [Au(CN)4]
-
 anions.  (Symmetry 
transformations: * ! 3/2-x, 3/2-y, z; ´ ! 5/2-x, 3/2-y, z) 
The [Au(CN)4]
-
 anions lie in the interstitial space between the [Cu(4,4"-
bipy)2(H2O)2]
2+
 network and appear to aid packing through participation in hydrogen 
bonding.  The anion acts as a hydrogen bond acceptor through both the C(2)-N(2) and 
C(3)-N(3) nitriles; the latter nitrile hydrogen bonds to O(1), which is attached to the 
metal centre.  The former nitrile hydrogen bonds to O(2), which is interstitial and in 
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turn acts as a second hydrogen bond acceptor to two O(1) ligands from different 1-D 
chains.  Despite the presence of hydrogen bonding involving [Au(CN)4]
-
, no Au-N 
interactions are observed in this structure. 
 
Figure 4.8 Schematic diagram of the 3-D network formed by [Cu(4,4!-
bipy)2(H2O)2][Au(CN)4]2·H2O, showing that the two 2-D networks 
do not align perpendicularly and can be compared to a pillared 2-D 
sheet.  (Legend: Green = Cu(II) centres, grey = 4,4´-bipy ligands, 
pink = 4,4´-bipy ligands acting as offset pillars) 
4.4.3 Discussion 
The compounds described in this chapter show that [Au(CN)4]
-
 coordination 
polymers can be synthesized with capping ligands despite the weak donor 
characteristics of the building block.  Predictability remains a challenge in this area, as 
many capping ligands are superior donors to [Au(CN)4]
-
 and outcompete the building 
block in polymer formation, resulting in molecular species as described in Chapter 2. 
The weak donor characteristics of [Au(CN)4]
-
 can affect the kinetics of polymer 
formation, forcing reliance on slow evaporation as the primary method of product 
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isolation.  This synthetic aspect means that varying the number of equivalents of ligand 
added to a reaction has little effect on the isolated polymer, which is in contrast to 
[Au(CN)2]
-
, [Ag(CN)2]
-
, and [Pt(CN)4]
2-
 polymers.
29, 52, 57, 59, 60, 64, 81, 88-91, 96, 98, 146
 Using 
terpy, fully saturating the metal coordination sphere with two ligands is a possibility 
despite the addition of only one equivalent of ligand, as was observed for 
[Mn(terpy)2][Au(CN)4]2 and  [Ni(terpy)2][Au(CN)4][ClO4]·H2O in Chapter 2. 
Compared to the fully-saturated Mn(II) and Ni(II) systems, one possible 
contribution of Cu(II) that could have led to the formation of [Cu(terpy)Au(CN)4]ClO4 
is the Jahn-Teller axis, which could prevent favourable, symmetric coordination of the 
tridentate ligand.  However, the ability of [Au(CN)4]
-
 to propagate a polymer in this 
system results in an unusual binding mode where all four nitriles bridge metal centres 
and mediate magnetic exchange in a manner similar to 
[Cu(bipy)[Au(CN)4]0.5][Au(CN)4]1.5·H2O. 
The weak donor characteristics of [Au(CN)4]
-
 can also offer a number of 
advantages from a design standpoint.  With more Lewis basic cyanometallates, such as 
[Au(CN)2]
-
 or [Pt(CN)4]
2-
, reactions generally result in an immediate precipitate.  
Because of the inefficacy of slow evaporation for crystallization in these cases, 
alternative crystallization techniques must then be employed, such as synthesis in H-
shaped tubes, layering reactants in different solvents, or hydrothermal synthesis.  With 
[Au(CN)4]
-
, however, slow evaporation often results in deposition of crystals (although 
occasionally the material is found to lack any [Au(CN)4]
-
, instead incorporating the 
metal cation’s counter-ion).  Given this chemistry, [Au(CN)4]
-
 may be more suitable 
than either [Au(CN)2]
-
 or [Pt(CN)4]
2-
 in reactions where an ancillary ligand is employed 
because of ease of crystallization.  
Lewis basic bridging ligands such as 4,4´-bipyridine or dabco incorporated in 
polymers with the strongly donating cyanometallates can be very difficult to crystallize 
due to the kinetics of polymer formation.  However, using these ligands may be 
possible when combined with [Au(CN)4]
-
 because of the weakly coordinating anion; the 
downside of this approach is that the polymer formed may be propagated exclusively by 
the neutral ancillary bridging ligand.  In such a situation, a [M(-Ligand)]
2+
 framework 
may be formed with the anions occupying interstitial space, as occurred in [Cu(4,4!-
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bipy)2(H2O)2][Au(CN)4]2·H2O.  For these compounds, it is unclear whether 
incorporation of the [Au(CN)4]
-
 anion offers an advantage over the counter-ion of the 
metal starting material. 
With these considerations in mind, it appears that an ideal ancillary ligand for 
use in [Au(CN)4]
-
 coordination polymers is a chelating ligand with steric bulk that is 
significant enough to prevent saturation of the metal coordination sphere exclusively by 
the ligand.
128
  With such a ligand, [Au(CN)4]
-
 will not be forced to compete with 
another bridging ligand in polymer propagation and the metal coordination sphere will 
not become coordinatively saturated so that [Au(CN)4]
-
 is prevented from coordinating 
to the metal.  Examples of suitable ligands are N,N-dimethylethylenediamine (dmeda), 
N,N,N´,N´-tetramethylethylenediamine (tmeda), or 1R,2R-N,N-
dimethylcyclohexanediamine.  These are all chelating ligands with N-methylated amine 
groups; the methylation often prevents coordination by more than one ligand.
128
  Thus, 
they could be used as ligands to direct the direction of polymer growth without 
outcompeting [Au(CN)4]
-
 for metal coordination sites.  
These N-methylated diamine ligands have previously been employed in some 
[Au(CN)4]
-
 compounds.
126-128, 149
  Most notably, hydroxide-bridged dimers of 
[Cu(tmeda)(-OH)]2
2+
 complex cations have been combined with [Au(CN)4]
-
 as an intra- 
or intermolecular bidentate ligand.
127
  These compounds illustrated that tmeda-Cu(II) 
hydroxide-bridged dimers occasionally become ferromagnetically coupled when 
bridged by [Au(CN)4]
-
.
127
  In addition, dmeda has been incorporated into 
[Cu(dmeda)2Au(CN)4][Au(CN)4] as described in the introduction.
126
  These results 
show that [Au(CN)4]
-
 can be an important component in coordination complexes and 
polymers, provided that the ancillary ligand does not outcompete coordination by the 
Au(III) complex. 
4.5 Conclusions 
The compounds described in this chapter give some insight into the chemistry 
that is available when incorporating [Au(CN)4]
-
 with ancillary ligands and suggests that 
other coordination polymers can be synthesized with potentially interesting properties.  
However, the synthetic challenges described in previous chapters persist and synthesis 
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of pure polymers with predictable products is frequently difficult.  For example, the 
reaction of Mn(II) or Ni(II) with terpyridine and KAu(CN)4 resulted in distinctly 
molecular products while the same reaction with Cu(II) produced 
Cu(terpy)[Au(CN)4]0.5[ClO4]1.5·!H2O. 
In spite of this significant obstacle, the weak donor characteristics of [Au(CN)4]
-
 
make it suitable for use with ligands that would be incompatible with strongly-donating 
cyanometallates such as [Pt(CN)4]
2-
, [Au(CN)2]
-
, or [Ag(CN)2]
-
.  In particular, using 
ligands such as 4,4!-bipy, dabco, or pyrazine with stronger cyanometallates makes 
crystallization difficult and this is an area where [Au(CN)4]
-
 may be a more appropriate 
building block to use. 
4.6 Experimental 
4.6.1 Synthesis of Cu(terpy)[Au(CN)4]0.5[ClO4]1.5!"H2O 
A 5 mL methanolic solution of terpyridine (0.021 g, 0.90 mmol) was added to a 
2 mL aqueous solution of Cu(ClO4)2·6H2O (0.039 g, 1.0 mmol), which caused the 
solution to change in colour from blue to green; a 5 mL methanolic solution of 
[
n
Bu4N][Au(CN)4] (0.107 g, 1.97 mmol) was then added dropwise without any further 
colour change.  Colourless crystals of [
n
Bu4N][ClO4] were removed by gravity filtration 
after 11 days, after which point the solution was allowed to slowly evaporate.  Blue 
crystals of Cu(terpy)[Au(CN)4]0.5[ClO4]1.5·!H2O were deposited ten days later and 
were isolated by vacuum filtration (Yield: 0.004 g, 6 %).  The blue filtrate was retained 
after filtration and additional blue crystals were deposited two and five weeks later 
(Yields: 0.013 g, 21 %, and 0.011 g, 18 %, respectively).  Total yield: 0.028 g, 45 %.  
Anal. Calcd. for C17H12N5Au0.5Cl1.5CuO6.5: C 33.72 %, H 2.00 %, N 11.57 %.  Found: 
C 33.03 %, H 1.60 %, N 13.49 %.  FT-IR (ATR): 3113(w), 3091(w), 3029(w), 
2972(w), "CN: 2266(w), 2258(w), 2256(w), 2216(w), 2189(w), 1599(m), 1581(mw), 
1475(m), 1450(m), 1330(mw), 1252(mw), 1165(m), 1093(st), 1070(st), 1024(st), 
831(m)m 795(m), 778(st), 734(m) cm
-1
. 
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4.6.2 Synthesis of CuCl[Au(CN)4] 
A 5 mL methanolic solution of terpyridine (0.026 g, 0.11 mmol) was added to a 
5 mL solution of CuCl2·2H2O (0.018 g, 0.11 mmol), resulting in a change in colour 
from blue to bright green.  Further addition of a 5 mL methanolic solution of 
[
n
Bu4N][Au(CN)4] (0.109 g, 0.20 mmol) caused the green solution to change colour 
slightly to a darker shade of green.  Small green crystals formed within 30 minutes; 
after 1 day, green crystals of CuCl[Au(CN)4] were isolated by vacuum filtration (Yield: 
0.037 g, 88 %).  Anal. Calcd. for C4N4AuClCu: C 12.01 %, H 0.00 %, N 14.01 %.  
Found: C 38.82 %, H 1.95 %, N 14.25 %.  FT-IR (ATR): 3436(br,mw), 3135(w), 
3097(mw), 3076(m), 3034(mw), 3008(w), 2925(w), 2854(w), !CN: 2197(w), 2181(w), 
2174(w), 1598(st), 1574(m), 1500(mw), 1475(st), 1450(st), 1406(m), 1330(m), 
1302(m), 1253(m), 1176(mw), 1094(mw), 1039(mw), 1023(st), 782(st), 730(m), 
725(m), 672(m), 651(st), 512(mw), 406(st) cm
-1
. 
4.6.3 Synthesis of [Cu(4,4"-bipy)2(H2O)2][Au(CN)4]2!H2O 
A 9 mL 56% methanol in H2O solution of 4,4"-bipyridine (0.016 g, 0.10 mmol) 
was added to a 5 mL aqueous solution of Cu(ClO4)2·6H2O (0.035 g, 0.092 mmol); a 4 
mL aqueous solution of KAu(CN)4 (0.070 g, 0.21 mmol) was then added to this 
solution, which resulted in the formation of [Cu(4,4"-bipy)2(H2O)2][Au(CN)4]2·H2O as a 
blue precipitate (Yield: 0.019 g, 96 %).  Anal Cacld. for C28H22N12Au2CuO3: C 32.59 
%, H 2.15 %, N 16.29 %.  Found: C 32.47 %, H 2.07 %, N 15.67 %.  FT-IR (ATR): 
3453(m), 3395(m), 3316(m), 3106(w), 3089(w), 3058(w), 3027(w), !CN: 2209(w), 
2201(w), 1619(st), 1614(st), 1537(mw), 1422(st), 1227(m), 1222(m), 1073(ms), 
1020(mw), 1012(w), 869(w), 823(st), 814(st), 736(mw), 729(mw), 648(m), 642(m), 
520(w) cm
-1
. 
Single crystals of [Cu(4,4"-bipy)2(H2O)2][Au(CN)4]2·H2O with a matching FT-
IR spectrum and elemental analysis were obtained by performing the reaction in an H-
shaped vessel using a 50 % v/v methanol/H2O solution as a solvent.  Saturated 50 % v/v 
methanol/H2O solutions of Cu(ClO4)2·6H2O (0.036 g, 0.097 mmol) and KAu(CN)4 
(0.068 g, 0.20 mmol) were added to one side of the vessel while another saturated 50 % 
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v/v methanol/H2O solution of  4,4!-bipy (0.020 g, 0.13 mmol) was added to the other 
side.  Blue crystals of [Cu(4,4!-bipy)2(H2O)2][Au(CN)4]2·H2O were visible three weeks 
later and harvested four days afterwards (Yield: 0.015 g, 23 %). 
  152 
Chapter 5: Global Conclusions 
Despite the widespread use of cyanometallates as building blocks in 
coordination polymer research, a number of cyanometallate ions have received little 
attention.  When employing a square planar building block, most researchers have 
chosen to use the [Ni(CN)4]
2-
 anion while [Ag(CN)2]
-
 has been most popular for 
researchers desiring a linear building block.
32, 64
  Metallophilic interactions exhibited by 
the related [Pt(CN)4]
2-
 and [Au(CN)2]
-
 building blocks have resulted in coordination 
polymers with unique structures and properties.
63
  Thus, my aim has been to examine 
the [Au(CN)4]
-
 building block and evaluate its usefulness as a building block in 
heterobimetallic coordination polymers. 
With this goal in mind, I set out to determine whether metallophilic interactions 
were possible for [Au(CN)4]
-
, as were previously observed for the isoelectronic 
[Pt(CN)4]
2-
.  Through synthesis of a series of salts with varying cationic properties, it 
was determined that [Au(CN)4]
-
 does not perform stacking metallophilic interactions 
but does self-aggregate through weak coordinate interactions of cyano-nitriles to the 
vacant axial sites of the Au(III) centre.  This interaction appears to be more favoured 
  153 
when the [Au(CN)4]
-
 anion acts as Lewis base through hydrogen bonding or bridging 
another metal centre. 
Because self-aggregation of [Au
III
(CN)4]
-
 was very different than [Au
I
(CN)2]
-
, a 
series of coordination polymers combining [Au(CN)4]
-
 and first row transition metals 
were prepared for comparison to the analogous M(µ-OH2)2[Au(CN)2]2 (M = Mn, Fe, 
Co, Ni, Cu) polymers, which showed unusual vapochromic and magnetic properties.
36, 
37
  With [Au(CN)4]
-
, a series of isostructural M(H2O)4[Au(CN)4]2·4H2O (M = Mn, Co, 
Ni, Cu, Zn) and Fe(OH)(H2O)3[Au(CN)4]2·4H2O polymers were prepared and 
characterized.  These polymers lost water readily, suggesting that they would be 
suitable as vapochromic sensors.  However, only the Co(II) and Cu(II) variants showed 
vapochromic responses, and only in limited cases at that.  The polymers were not 
porous and magnetism above 1.8 K showed weak antiferromagnetic interactions in all 
cases, although collaborative µSR studies are being performed to examine the magnetic 
properties of these polymers below 1.8 K.  These results show that these coordination 
polymers and the Au(I) analogues exhibit very different structures and properties, likely 
in part due to the aurophilic interactions that exist in the M(µ-OH2)2[Au(CN)2]2 
polymers. 
However, the free and bound water molecules leave M(H2O)4[Au(CN)4]2·4H2O 
readily below 100 °C, suggesting that dehydrated M[Au(CN)4]2 may be easily 
accessible.  Given the relative weakness of [Au(CN)4]
-
 as a bridging ligand, such 
materials may welcome additional ligands in the form of volatile organic compounds, 
suggesting that these materials may be highly vapochromic.  Furthermore, these 
anhydrous compounds would give further insight into the efficacy of [Au(CN)4]
-
 as a 
magnetic mediator without contributions from water molecules connected through a 
network of hydrogen bonds. 
The compounds described in Chapter 4 illustrate the range of structures possible 
by working with [Au(CN)4]
-
, but also highlight the difficulties of working with this 
building block.  The weakly-donating nature of [Au
III
(CN)4]
-
 allows for synthesis and 
conventional crystallization of coordination polymers including ligands that typically 
form immediate precipitates with stronger donors such as [Au
I
(CN)2]
-
.  However, the 
downside to this quality is that products remain very unpredictable.  It is not uncommon 
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for chelating capping ligands to completely saturate the coordination sphere of the 
transition metal, as was observed for many of the salts presented in Chapter 2, or for 
bridging ligands to form a coordination polymer excluding [Au(CN)4]
-
, as was the case 
for [Cu(4,4´-bipy)2(H2O)2][Au(CN)4]2·H2O.  Indeed, [Mn(terpy)2][Au(CN)4]2 and 
Cu(terpy)[Au(CN)4]0.5(ClO4)1.5 were prepared using identical conditions, but very 
different products were obtained from each. 
In a field where design plays a large role, the lack of predictability inherent to 
[Au(CN)4]
-
 presents a major obstacle.  However, that is not to say that there are not 
other avenues available for future research with square planar building blocks.  The 
characterization of the anhydrous M[Au(CN)4]2 polymers should be targeted; removal 
of the coordinated and interstitial water molecules would be expected to result in 
significant structural changes.  Associated with such changes, one might expect to 
observe different vapochromic properties due to profound differences coordination 
sphere of the metal centres.  These materials would also allow better assessment of the 
magnetic mediation of [Au(CN)4]
-
, as the hydrogen bonding network would not play a 
role in magnetic exchange.  Magnetic studies could be performed using both the 
SQUID magnetometer and µSR studies. 
In spite of the challenges presented by [Au(CN)4]
-
, there are other avenues for 
research with Au(III).  For example, oxidative addition of X2 (X = Cl, Br, I) to 
[Au(CN)2]
-
 is known, resulting in trans-[Au(CN)2X2]
-
, which can then be used as a 
building block in coordination polymer synthesis.
202
  Use of this building block would 
result in linear bridging of cationic metal centres, similar to [Au(CN)2]
-
, but without the 
presence of aurophilic interactions, resulting in different structures than those observed 
for ligand-free M(µ-OH2)2[Au(CN)2]2.  Furthermore, the presence of both highly-
polarizable halide ligands and Au(III) in the same plane could make these coordination 
polymers very suitable for coordination polymers exhibiting birefringence, which is 
enhanced by electronic anisotropy in a plane.
55
  With this in mind, a trend of increasing 
birefringence would be expected for isostructural coordination polymers as the halogen 
is changed from Cl
-
, Br
-
, to I
-
.  Such a project could aim to incorporate colourless, soft 
metals such as Zn(II) and Pb(II) with anisotropic ligands such as terpy and substituted 
terpy. 
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Gold(III) centres are also known to reductively photoeliminate halogens, 
forming gold(I).
203
  Thus, the trans-[Au(CN)2X2]
-
 building block may offer a method to 
prepare [Au(CN)2]
-
 coordination polymers from polymeric [Au(CN)2X2]
-
-containing 
precursors using UV light.  Presumably, this method of preparing [Au(CN)2]
-
 
coordination polymers would differ significantly from the conventional method of 
adding KAu(CN)2 or [NBu4][Au(CN)2] to a reaction mixture, because the Lewis 
basicity of [Au(CN)2]
-
 and trans-[Au(CN)2X2]
-
 would be so different. 
Another potentially exciting area of research would be to make direct 
comparisons between [Au(CN)2]
-
 and [Pt(CN)4]
2-
.  [Pt(CN)4]
2-
 is manifestly capable of 
metallophilic interactions and is also much more Lewis basic compared to [Au(CN)4]
-
.  
In comparison to [Au(CN)2]
-
, the same number of cyano-nitriles are present for 
bridging in a reaction mixture.  (Balancing a M(II) cation would require two [Au(CN)2]
-
 
anions to balance the charge, so four cyano-nitriles are present.)  Thus, using the same 
design strategies that have resulted in [Au(CN)2]
-
 materials showing unique optical, 
magnetic, and vapochromic properties may also successfully result in functional 
heterometallic [Pt(CN)4]
2-
 polymers, an area that is underdeveloped outside of 
vapochromic Pt-Pt systems.  Current systems employing [Pt(CN)4]
2-
 tend to lack Pt-Pt 
interactions, so a similar structural study would be required to examine whether certain 
cationic attributes are required to induce or encourage Pt-Pt interactions. 
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Appendix 1 
Summary of Crystallographic Data 
The following tables contain the crystallographic data and refinement details for 
the structures described in this thesis.  Appendix 2 tabulates the fractional atomic 
coordinates along with the equivalent isotropic thermal parameters.  Experimental 
details of the data collection methods are described in the experimental section of 
Chapter 2. 
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 [
n
Bu4N][Au(CN)4] [AsPh4][Au(CN)4] [N(PPh3)2][Au(CN)4] [Mn(terpy)2][Au(CN)4]2 
empirical formula C20H36N5Au C28H20N4AsAu C40H30N5AuP2 C38H22N14Au2Mn 
formula weight 507.47 684.38 839.63 1123.55 
crystal system monoclinic triclinic monoclinic triclinic 
crystal habit colourless plate colourless plate colourless needle orange chunk 
crystal dimensions  (mm3) 0.06 x 0.42 x 0.23 0.33 x 0.04 x 0.27 0.06 x 0.04 x 0.20 1.05 x 1.09 x 0.59 
space group P 21/n P -1 P 21/c P -1 
a  (Å) 14.6965(6) 10.5193(9) 16.7592(5) 12.925(3) 
b  (Å) 8.4684(3) 10.5990(9) 14.6440(4) 13.158(4) 
c  (Å) 19.6174(8) 12.7155(11) 15.6117(4) 13.497(4) 
!  (deg) 90 96.057(4) 90 76.64(3) 
"  (deg) 105.485(2) 103.596(4) 103.1830(10) 62.548(18) 
!  (deg) 90 106.681(4) 90 84.31(3) 
V  (Å3) 2352.87(16) 1297.0(2) 3730.48(18) 1981.7(10) 
Z 4 2 4 2 
T ( K) 293 293  293 
#calc  (g/cm
3) 1.534 1.752 1.495 1.883 
µ  (mm-1) 6.265 6.960 4.063 7.745 
Data range 4° ! 2$ ! 72° 3° ! 2$ ! 78° 3° ! 2$ ! 57° 4° ! 2$ ! 49° 
R  [Io " 2.5#(Io)] 0.0289 0.0222 0.210 0.0468 
Rw  [Io " 2.5#(Io)] 0.0366 0.0289 0.0259 0.0540 
goodness of fit 1.1254 0.6770 0.4607 8.8000 
parameters, restraints 236, 0 308, 0 434, 0 240, 0 
observed data 7081 10691 3940 4359 
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 [Co(phen)3][Au(CN)4]2 
[Ni(terpy)2][Au(CN)4][
ClO4]!H2O 
trans-
[CoCl2(en)2][Au(CN)4] 
[Ni(en)3][Au(CN)4]2 
empirical formula C44H24N14Au2Co C34H22N10AuClNiO5 C8H16N8AuCl2Co C14H24N14Au2Ni 
formula weight 1201.64 941.74 551.07 841.08 
crystal system triclinic monoclinic monoclinic monoclinic 
crystal habit orange chunk brown plate green plate purple chunk 
crystal dimensions  (mm3) 0.36 x 0.18 x 0.14 0.07 x 0.30 x 0.60 0.17 x 0.38 x 0.49 0.42 x 0.15 x 0.19 
space group P -1 C c P 21/a P 21/c 
a  (Å) 11.2733(3) 8.6985(3) 8.7523(5) 13.865(2) 
b  (Å) 11.3956(3) 45.0451(13) 8.0191(5) 12.345(2) 
c  (Å) 16.4575(4) 8.9354(3) 11.7635(8) 16.213(3) 
!  (deg) 78.6460(10) 90 90 90 
"  (deg) 79.2060(10) 91.574(2) 94.729(3) 112.002(2) 
!  (deg) 83.8300(10) 90 90 90 
V  (Å3) 2030.70(9) 3499.8(2) 822.82(9) 2573.0(8) 
Z 2 4 2 4 
T ( K) 293 293 293 293 
#calc  (g/cm
3) 1.965 1.787 2.224 2.171 
µ  (mm-1) 7.663 4.859 10.239 12.129 
Data range 3 ° ! 2$ ! 81° 3° ! 2$ ! 64° 5° ! 2$ ! 82° 3° ! 2$ ! 58° 
R  [Io " 2.5#(Io)] 0.0308 0.0321 0.0966 0.0240 
Rw  [Io " 2.5#(Io)] 0.0388 0.0391 0.1047 0.0265 
goodness of fit 0.5954 1.0070 1.0162 1.3864 
parameters, restraints 539, 0 445, 2 97, 0 269, 0 
observed data 12664 7883 2771 4847 
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[Co(NH3)6][Au(CN)4]3! 
4H2O 
K[Co(NH3)5][Au(CN)4]4 [Hdabco][Au(CN)4] 
empirical formula C12H25N18Au3CoO4 C16H21N21Au4CoK C20H26N12Au2 
formula weight 1135.28 1393.38 828.44 
crystal system orthorhombic monoclinic monoclinic 
crystal habit orange chunk pink needle colourless block 
crystal dimensions  (mm3) 0.12 x 0.36 x 0.12 0.06 x 0.40 x 0.45 0.25 x 0.29 x 0.35 
space group P 21 21 21 P 21/m P 21/c 
a  (Å) 7.40440(10) 10.14860(10) 7.1769(3) 
b  (Å) 18.9411(3) 17.1106(2) 15.5957(5) 
c  (Å) 21.4134(3) 10.30900(10) 12.3167(4) 
!  (deg) 90 90 90 
"  (deg) 90 104.6950(10) 104.269(2) 
!  (deg) 90 90 90 
V  (Å3) 3003.18(8) 1731.59(3) 1336.06(8) 
Z 4 2 2 
T ( K) 293 293 293 
#calc  (g/cm
3) 2.511 2.672 2.059 
µ  (mm-1) 15.203 17.518 11.000 
Data range 3° ! 2$ ! 65° 4° ! 2$ ! 71° 4° ! 2$ ! 81° 
R  [Io " 2.5#(Io)] 0.0209 0.0246 0.0250 
Rw  [Io " 2.5#(Io)] 0.0283 0.0300 0.0301 
goodness of fit 0.5187 0.7834 1.2789 
parameters, restraints 346, 0 224, 6 159, 0 
observed data 8121 4262 3252 
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Mn(H2O)4[Au(CN)4]2 
!4H2O 
Fe(OH)(H2O)3 
[Au(CN)4]2!4H2O 
Co(H2O)4[Au(CN)4]2 
!4H2O 
Ni(H2O)4[Au(CN)4]2 
!4H2O 
empirical formula C8H16N8O8Au2Mn C8H16N8O8Au2Fe C8H16N8O8Au2Co C8H16N8O8Au2Ni 
formula weight 801.13 802.05 805.14 804.90 
crystal system triclinic triclinic triclinic triclinic 
crystal habit colourless chunk yellow chunk orange chunk blue plate 
crystal dimensions  (mm3) 0.11 x 0.30 x 0.53 0.43 x 0.32 x 0.32 0.28 x 0.12 x 0.10 0.09 x 0.48 x 0.27 
space group P -1 P -1 P -1 P -1 
a  (Å) 6.6823(2) 6.6432(2) 6.6483(10) 6.6216(9) 
b  (Å) 8.8537(3) 8.5685(2) 8.5123(15) 8.5492(9) 
c  (Å) 10.1917(3) 10.1093(3) 10.0840(10) 10.0117(12) 
!  (deg) 93.0570(10) 93.0220(10) 92.779(15) 92.749(10) 
"  (deg) 104.628(2) 105.0840(10) 105.677(14) 105.997(10) 
"  (deg) 99.897(2) 99.9400(10) 99.743(14) 99.633(10) 
V  (Å3) 554.34(3) 544.39(3) 538.85(17) 534.47(12) 
Z 1 1 1 1 
T ( K) 293 293 293 293 
#calc  (g/cm
3) 2.400 2.446 2.481 2.501 
µ  (mm-1) 13.807 14.146 14.388 14.610 
Data range 4° ! 2$ ! 83° 4° ! 2$ ! 91° 4° ! 2$ ! 78° 4° ! 2$ ! 67° 
R  [Io # 2.5$(Io)] 0.0294 0.0179 0.0329 0.0555 
Rw  [Io # 2.5$(Io)] 0.0328 0.0229 0.0381 0.0699 
goodness of fit 0.9637 0.5490 1.2849 1.1962 
parameters, restraints 129, 0 104, 0 129, 0 129, 0 
observed data 4023 5314 3651 2878 
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Cu(H2O)4[Au(CN)4]2 
!4H2O 
Zn(H2O)4[Au(CN)4]2 
!4H2O 
empirical formula C8H16N8O8Au2Cu C8H16N8O8Au2Zn 
formula weight 804.90 811.58 
crystal system triclinic triclinic 
crystal habit green plate colourless chunk 
crystal dimensions  (mm3) 0.27 x 0.47 x 0.55 0.43 x 0.50 x 0.70 
space group P -1 P -1 
a  (Å) 6.4798(2) 6.6384(4) 
b  (Å) 12.4272(3) 8.5458(5) 
c  (Å) 13.6182(3) 10.0854(6) 
!  (deg) 98.2940(10) 92.839(3) 
"  (deg) 94.5860(10) 105.320(3) 
"  (deg) 101.1370(10) 99.872(4) 
V  (Å3) 1058.13(5) 540.93(6) 
Z 2 1 
T ( K) 100 293 
#calc  (g/cm
3) 2.541 2.491 
µ  (mm-1) 14.875 14.674 
Data range 4° ! 2$ ! 91° 4° ! 2$ ! 90° 
R  [Io # 2.5$(Io)] 0.0327 0.0424 
Rw  [Io # 2.5$(Io)] 0.0429 0.0555 
goodness of fit 0.9517 0.9132 
parameters, restraints 251, 0 122, 0 
observed data 11745 3866 
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Cu(terpy)[Au(CN)4]0.5 
[ClO4]1.5!"H2O 
CuCl[Au(CN)4] 
[Cu(4,4!-
bipy)2(H2O)2][Au(CN)4]2!H2O 
empirical formula C68H48N20Au2Cl6Cu4O26 C4N4AuClCu C28H22N12O3Au2Cu 
formula weight 2422.08 400.04 1032.04 
crystal system orthorhombic orthorhombic orthorhombic 
crystal habit blue plate green needle blue plate 
crystal dimensions  (mm3) 0.14 x 0.32 x 0.52 0.04 x 0.06 x 0.21 0.07 x 0.17 x 0.45 
space group P b c m P n m a P c c n 
a  (Å) 8.2856(12) 11.33070(10) 7.2040(2) 
b  (Å) 14.733(2) 10.18060(10) 21.2622(5) 
c  (Å) 34.768(5) 7.85020(10) 22.1661(6) 
!  (deg) 90 90 90 
"  (deg) 90 90 90 
"  (deg) 90 90 90 
V  (Å3) 4244.2(11) 905.547(17) 3395.25(15) 
Z 2 4 4 
T ( K) 293 293 293 
#calc  (g/cm
3) 1.895 2.934 2.019 
µ  (mm-1) 4.705 18.765 9.289 
Data range 2° ! 2$ ! 57° 6° ! 2$ ! 72° 4° ! 2$ ! 62° 
R  [Io # 2.5$(Io)] 0.0258 0.0184 0.0230 
Rw  [Io # 2.5$(Io)] 0.0347 0.0227 0.0254 
goodness of fit 0.7686 0.5369 1.3752 
parameters, restraints 299, 36 62, 0 214, 2 
observed data 3703 1737 3254 
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Appendix 2 
Fractional Coordinates and Thermal Parameters of Crystal Structures 
Note: Unless otherwise indicated, the occupancies for all atoms in the following tables 
are 1.0.  The equivalent isotropic thermal parameters, U(iso), for atoms refined 
anisotropically are calculated by averaging the anisotropic thermal thermal parameters for 
the atom and have no associated uncertainty.  Hydrogen atoms placed geometrically and 
refined using a riding model do not have uncertainties associated with their fractional 
coordinates. 
A2.1 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for [
n
Bu4N][Au(CN)4] 
Atom x y z U(iso) (Å2) 
Au1 0.509920(7) 0.129946(12) 0.235412(5) 0.0199 
N1 0.78879(16) -0.1149(3) 0.54125(12) 0.0166 
N11 0.4479(3) -0.0920(4) 0.34338(18) 0.0406 
N12 0.7102(2) 0.1699(4) 0.34129(17) 0.0395 
N13 0.5647(2) 0.3637(3) 0.12882(15) 0.0287 
N14 0.3149(2) 0.0757(4) 0.12349(16) 0.0322 
C11 0.4713(3) -0.0132(4) 0.30354(17) 0.0309 
C12 0.6370(3) 0.1577(4) 0.30316(17) 0.0288 
C13 0.5461(2) 0.2781(4) 0.16820(15) 0.0238 
C14 0.3846(2) 0.0978(4) 0.16531(16) 0.0247 
C21 0.75308(19) 0.0490(3) 0.51515(14) 0.0179 
C22 0.6483(2) 0.0771(4) 0.50549(15) 0.021 
C23 0.6249(2) 0.2509(4) 0.48837(16) 0.0244 
C24 0.5195(2) 0.2828(4) 0.47307(19) 0.0309 
C25 0.7302(2) -0.2432(3) 0.49515(15) 0.0192 
C26 0.7271(2) -0.2378(4) 0.41730(15) 0.0237 
C27 0.6551(2) -0.3561(4) 0.37596(17) 0.0266 
Continued on next page… 
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Atom x y z U(iso) (Å2) 
C28 0.6510(3) -0.3557(5) 0.2977(2) 0.0401 
C29 0.89134(19) -0.1213(3) 0.53896(14) 0.0182 
C30 0.9460(2) -0.2686(3) 0.57000(15) 0.0208 
C31 1.0444(2) -0.2652(4) 0.55754(16) 0.0233 
C32 1.1023(2) -0.4111(4) 0.5883(2) 0.0307 
C33 0.7795(2) -0.1432(3) 0.61553(14) 0.0191 
C34 0.8346(2) -0.0318(4) 0.67210(15) 0.0242 
C35 0.8189(3) -0.0737(4) 0.74341(16) 0.0291 
C36 0.8747(3) 0.0312(5) 0.80277(16) 0.0329 
H211 0.7869 0.124 0.5484 0.0246(18) 
H212 0.7661 0.0657 0.4708 0.0246(18) 
H221 0.6323 0.0499 0.5478 0.0284(18) 
H222 0.613 0.0134 0.4678 0.0284(18) 
H231 0.6572 0.3133 0.5276 0.0325(18) 
H232 0.6454 0.2791 0.448 0.0325(18) 
H241 0.5077 0.3917 0.4627 0.0389(18) 
H242 0.4985 0.2554 0.5133 0.0389(18) 
H243 0.4867 0.2213 0.4337 0.0389(18) 
H251 0.7555 -0.3426 0.5133 0.0263(18) 
H252 0.6673 -0.2344 0.4988 0.0263(18) 
H261 0.7877 -0.2631 0.4118 0.0319(18) 
H262 0.7098 -0.1346 0.3995 0.0319(18) 
H271 0.6721 -0.4588 0.3944 0.0347(18) 
H272 0.5945 -0.3297 0.3813 0.0347(18) 
H281 0.6056 -0.4306 0.2736 0.0513(18) 
H282 0.7112 -0.3826 0.2918 0.0513(18) 
H283 0.6336 -0.2535 0.2787 0.0513(18) 
H291 0.9229 -0.0328 0.5644 0.0256(18) 
H292 0.8924 -0.1138 0.4909 0.0256(18) 
H301 0.9519 -0.2724 0.6194 0.0281(18) 
H302 0.913 -0.3594 0.5479 0.0281(18) 
H311 1.0767 -0.1735 0.5793 0.0315(18) 
H312 1.0379 -0.2614 0.5081 0.0315(18) 
H321 1.1628 -0.405 0.5796 0.0393(18) 
H322 1.1094 -0.4155 0.6378 0.0393(18) 
H323 1.0707 -0.5034 0.5666 0.0393(18) 
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Atom x y z U(iso) (Å2) 
H331 0.8005 -0.2476 0.6289 0.0265(18) 
H332 0.7146 -0.1341 0.6141 0.0265(18) 
H341 0.8999 -0.04 0.6749 0.0330(18) 
H342 0.8139 0.0734 0.6601 0.0330(18) 
H351 0.8376 -0.1802 0.7542 0.0380(18) 
H352 0.7536 -0.0628 0.7404 0.0380(18) 
H361 0.8625 0.0004 0.8461 0.0422(18) 
H362 0.9402 0.0207 0.8065 0.0422(18) 
H363 0.8562 0.1381 0.7928 0.0422(18) 
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A2.2 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for [AsPh4][Au(CN)4] 
Atom x y z U(iso) (Å2) 
Au1 1.806510(7) 1.534936(7) 1.500006(6) 0.0244 
As1 1.763718(18) 0.974148(19) 1.152792(15) 0.022 
N11 1.7717(3) 1.5962(2) 1.26050(18) 0.0438 
N12 2.1135(2) 1.7290(2) 1.57785(18) 0.037 
N13 1.8394(3) 1.4666(3) 1.73663(19) 0.0488 
N14 1.5019(3) 1.3385(3) 1.4240(3) 0.0602 
C11 1.7856(2) 1.5754(2) 1.34838(18) 0.0313 
C12 2.0004(2) 1.6602(2) 1.54913(17) 0.0276 
C13 1.8268(2) 1.4923(3) 1.65079(19) 0.0341 
C14 1.6135(2) 1.4107(3) 1.4517(2) 0.0382 
C21 1.63061(18) 0.9418(2) 1.23390(16) 0.0263 
C22 1.5881(2) 0.8147(2) 1.25990(19) 0.0319 
C23 1.4985(2) 0.7890(3) 1.3255(2) 0.0394 
C24 1.4514(2) 0.8893(3) 1.3632(2) 0.0465 
C25 1.4931(3) 1.0146(3) 1.3370(2) 0.0471 
C26 1.5836(2) 1.0430(3) 1.2716(2) 0.0372 
C31 1.7197(2) 0.8162(2) 1.04682(16) 0.0258 
C32 1.8253(2) 0.7750(2) 1.02284(19) 0.0303 
C33 1.7921(3) 0.6657(2) 0.9392(2) 0.0381 
C34 1.6556(3) 0.5993(3) 0.8811(2) 0.0448 
C35 1.5498(3) 0.6399(3) 0.9066(2) 0.048 
C36 1.5819(2) 0.7487(2) 0.9901(2) 0.0359 
C41 1.94487(18) 1.01435(19) 1.24982(15) 0.0232 
C42 2.0521(2) 1.1187(2) 1.23824(19) 0.0313 
C43 2.1817(2) 1.1530(3) 1.3125(2) 0.0356 
C44 2.2024(2) 1.0839(3) 1.39738(19) 0.0357 
C45 2.0971(3) 0.9797(3) 1.4080(2) 0.0474 
C46 1.9658(2) 0.9428(3) 1.3336(2) 0.0425 
C51 1.7689(2) 1.1195(2) 1.07529(16) 0.026 
C52 1.8009(2) 1.2496(2) 1.13194(18) 0.0309 
C53 1.8202(3) 1.3558(2) 1.0755(2) 0.0368 
C54 1.8104(3) 1.3316(3) 0.9637(2) 0.0408 
C55 1.7798(3) 1.2026(3) 0.9081(2) 0.0408 
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Atom x y z U(iso) (Å2) 
C56 1.7579(3) 1.0952(2) 0.96329(18) 0.0338 
H221 1.6202 0.7461 1.233 0.0407(19) 
H231 1.4697 0.703 1.3444 0.0476(19) 
H241 1.3896 0.8715 1.4076 0.0534(19) 
H251 1.46 1.0825 1.3637 0.0568(19) 
H261 1.6123 1.1293 1.2533 0.0442(19) 
H321 1.9189 0.8209 1.063 0.0383(19) 
H331 1.8633 0.6365 0.9217 0.0495(19) 
H341 1.6337 0.5253 0.8234 0.0529(19) 
H351 1.4562 0.5932 0.867 0.0526(19) 
H361 1.5106 0.777 1.0084 0.0412(19) 
H421 2.037 1.1665 1.1798 0.0392(19) 
H431 2.2561 1.2241 1.3049 0.0427(19) 
H441 2.2909 1.109 1.4491 0.0436(19) 
H451 2.1132 0.9321 1.4663 0.0579(19) 
H461 1.8924 0.8699 1.3403 0.0507(19) 
H521 1.8095 1.2656 1.2086 0.0378(19) 
H531 1.8399 1.4445 1.1131 0.0461(19) 
H541 1.8249 1.4044 0.9254 0.0519(19) 
H551 1.7737 1.1873 0.8319 0.0506(19) 
H561 1.7356 1.0063 0.925 0.0411(19) 
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A2.3 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for [N(PPh3)2][Au(CN)4] 
Atom x y z U(iso) (Å2) 
Au1 0.255108(9) 0.483650(13) 0.503585(12) 0.0628 
P1 0.27933(7) 0.90159(8) 0.48820(7) 0.0546 
P2 0.19582(6) 1.08579(7) 0.44839(7) 0.0538 
N1 0.2288(2) 0.9863(3) 0.4453(3) 0.0758 
N11 0.4281(3) 0.5725(4) 0.5577(3) 0.106 
N12 0.2841(3) 0.4034(4) 0.6935(3) 0.1108 
N13 0.0816(3) 0.3961(4) 0.4524(4) 0.1222 
N14 0.2260(3) 0.5673(4) 0.3156(3) 0.1272 
C11 0.3659(3) 0.5412(3) 0.5370(3) 0.0709 
C12 0.2739(3) 0.4307(4) 0.6240(4) 0.0755 
C13 0.1440(3) 0.4278(4) 0.4712(3) 0.0811 
C14 0.2371(3) 0.5374(4) 0.3838(4) 0.0867 
C21 0.3598(3) 0.9249(3) 0.5832(3) 0.059 
C22 0.3399(3) 0.9628(3) 0.6569(3) 0.0784 
C23 0.4014(4) 0.9810(4) 0.7315(3) 0.0933 
C24 0.4809(4) 0.9593(5) 0.7319(4) 0.1182 
C25 0.5003(3) 0.9223(6) 0.6604(4) 0.1348 
C26 0.4401(3) 0.9060(4) 0.5852(3) 0.0957 
C27 0.2134(2) 0.8176(3) 0.5197(3) 0.0536 
C28 0.2403(3) 0.7605(4) 0.5892(3) 0.0789 
C29 0.1898(3) 0.6938(4) 0.6111(4) 0.0938 
C30 0.1111(3) 0.6853(4) 0.5629(4) 0.09 
C31 0.0841(3) 0.7417(4) 0.4940(4) 0.085 
C32 0.1342(3) 0.8079(3) 0.4713(3) 0.069 
C33 0.3263(2) 0.8507(3) 0.4075(3) 0.0541 
C34 0.3511(3) 0.7613(3) 0.4165(3) 0.07 
C35 0.3915(3) 0.7232(4) 0.3562(4) 0.0878 
C36 0.4049(3) 0.7738(4) 0.2883(3) 0.0811 
C37 0.3797(3) 0.8618(4) 0.2790(3) 0.0912 
C38 0.3400(3) 0.9011(3) 0.3381(3) 0.0773 
C39 0.1551(2) 1.1089(3) 0.5423(3) 0.0534 
C40 0.1646(3) 1.1934(3) 0.5846(3) 0.0695 
C41 0.1318(3) 1.2083(4) 0.6568(3) 0.0865 
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Atom x y z U(iso) (Å2) 
C42 0.0893(3) 1.1408(4) 0.6871(3) 0.0851 
C43 0.0791(3) 1.0590(4) 0.6456(4) 0.0885 
C44 0.1109(3) 1.0429(3) 0.5735(3) 0.0749 
C45 0.2719(2) 1.1705(3) 0.4447(3) 0.0623 
C46 0.2635(3) 1.2314(4) 0.3772(4) 0.0981 
C47 0.3232(5) 1.2952(5) 0.3748(5) 0.1325 
C48 0.3911(4) 1.2987(5) 0.4401(6) 0.1227 
C49 0.3990(4) 1.2419(6) 0.5094(6) 0.1377 
C50 0.3402(3) 1.1761(4) 0.5122(4) 0.1133 
C51 0.1126(2) 1.0990(3) 0.3530(3) 0.0546 
C52 0.1101(3) 1.0457(4) 0.2799(3) 0.0761 
C53 0.0454(4) 1.0536(5) 0.2074(3) 0.0937 
C54 -0.0152(4) 1.1125(5) 0.2083(4) 0.0999 
C55 -0.0138(3) 1.1682(4) 0.2793(4) 0.0895 
C56 0.0510(3) 1.1611(3) 0.3521(3) 0.07 
H221 0.2844 0.9763 0.6565 0.080(3) 
H231 0.3883 1.0083 0.7818 0.098(3) 
H241 0.5228 0.9704 0.7831 0.125(3) 
H251 0.5557 0.9074 0.6615 0.146(3) 
H261 0.4546 0.8815 0.5345 0.102(3) 
H281 0.2947 0.7667 0.6233 0.081(3) 
H291 0.2098 0.6541 0.6593 0.099(3) 
H301 0.0758 0.6402 0.5777 0.098(3) 
H311 0.0294 0.7357 0.4604 0.088(3) 
H321 0.1141 0.8467 0.4224 0.068(3) 
H341 0.3408 0.7255 0.4636 0.073(3) 
H351 0.4098 0.6616 0.3629 0.094(3) 
H361 0.4319 0.7474 0.2471 0.086(3) 
H371 0.3895 0.8968 0.2312 0.101(3) 
H381 0.3222 0.9628 0.3308 0.083(3) 
H401 0.1936 1.2409 0.5635 0.072(3) 
H411 0.1388 1.2658 0.6856 0.092(3) 
H421 0.067 1.1512 0.737 0.092(3) 
H431 0.0495 1.0121 0.6667 0.099(3) 
H441 0.1023 0.9853 0.5448 0.081(3) 
H461 0.2156 1.2296 0.331 0.106(3) 
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Atom x y z U(iso) (Å2) 
H471 0.3164 1.3371 0.3272 0.150(3) 
H481 0.4336 1.3409 0.4373 0.142(3) 
H491 0.4455 1.247 0.5572 0.146(3) 
H501 0.3471 1.1352 0.5605 0.115(3) 
H521 0.1529 1.0033 0.2793 0.080(3) 
H531 0.0441 1.0171 0.1568 0.099(3) 
H541 -0.0603 1.1159 0.1588 0.104(3) 
H551 -0.0565 1.211 0.2785 0.093(3) 
H561 0.0528 1.1993 0.4017 0.070(3) 
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A2.4 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for [Mn(terpy)2][Au(CN)4]2 
Atom x y z U(iso) (Å2) 
Au1 0.04519(6) 0.62983(5) 0.81949(6) 0.0717 
Au2 0.00000 1.00000 1.00000 0.0496 
Au3 0.50000 1.00000 0.00000 0.061 
Mn1 0.70253(17) 0.73879(17) 0.58604(17) 0.0508 
N11 0.0772(14) 0.7640(13) 0.9686(14) 0.100(5) 
N12 0.296(2) 0.701(2) 0.625(2) 0.177(10) 
N13 0.003(3) 0.504(2) 0.667(3) 0.192(11) 
N14 -0.192(2) 0.5524(19) 1.036(2) 0.163(9) 
N21 -0.2374(14) 0.9850(12) 0.9937(13) 0.091(4) 
N22 -0.1510(12) 0.9940(11) 1.2629(12) 0.076(4) 
N31 0.5595(15) 0.7668(14) -0.0116(14) 0.103(5) 
N32 0.3148(13) 0.9341(12) 0.2562(13) 0.084(4) 
N41 0.7039(12) 0.5659(10) 0.6562(11) 0.073(4) 
N42 0.5403(10) 0.7022(9) 0.7430(9) 0.055(3) 
N43 0.5990(9) 0.8850(8) 0.6107(9) 0.049(3) 
N44 0.8376(10) 0.7979(9) 0.6208(10) 0.061(3) 
N45 0.8647(9) 0.7625(9) 0.4288(9) 0.053(3) 
N46 0.6697(11) 0.6964(9) 0.4495(10) 0.063(3) 
C11 0.0669(15) 0.7138(14) 0.9177(15) 0.078(5) 
C12 0.202(2) 0.6735(18) 0.695(2) 0.111(7) 
C13 0.019(3) 0.544(2) 0.717(3) 0.153(11) 
C14 -0.114(2) 0.5858(19) 0.951(2) 0.119(8) 
C21 -0.1507(14) 0.9891(12) 0.9923(13) 0.066(4) 
C22 -0.0951(13) 0.9972(12) 1.1695(13) 0.062(4) 
C31 0.5354(14) 0.8517(14) -0.0041(14) 0.073(5) 
C32 0.3845(14) 0.9559(12) 0.1634(14) 0.067(4) 
C41 0.7850(18) 0.5048(17) 0.5972(18) 0.102(6) 
C42 0.773(2) 0.3943(19) 0.632(2) 0.122(8) 
C43 0.683(2) 0.3535(19) 0.730(2) 0.116(7) 
C44 0.5994(19) 0.4162(17) 0.7915(18) 0.103(6) 
C45 0.6123(14) 0.5247(13) 0.7499(14) 0.070(4) 
C46 0.5190(15) 0.5964(13) 0.8014(14) 0.075(5) 
C47 0.4150(15) 0.5762(14) 0.9102(15) 0.079(5) 
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Atom x y z U(iso) (Å2) 
C48 0.3431(17) 0.6532(15) 0.9434(16) 0.088(5) 
C49 0.3608(15) 0.7519(14) 0.8842(15) 0.079(5) 
C50 0.4657(12) 0.7768(11) 0.7779(12) 0.057(4) 
C51 0.4951(12) 0.8787(11) 0.7072(11) 0.052(3) 
C52 0.4281(14) 0.9667(13) 0.7303(14) 0.070(4) 
C53 0.4653(15) 1.0592(14) 0.6573(15) 0.081(5) 
C54 0.5700(14) 1.0685(13) 0.5589(14) 0.072(4) 
C55 0.6320(13) 0.9764(12) 0.5409(13) 0.062(4) 
C56 0.8154(18) 0.8140(15) 0.7231(18) 0.098(6) 
C57 0.9039(18) 0.8604(15) 0.7353(18) 0.096(6) 
C58 1.003(2) 0.8810(17) 0.6461(19) 0.110(7) 
C59 1.0340(17) 0.8644(15) 0.5381(17) 0.091(6) 
C60 0.9418(13) 0.8225(12) 0.5332(13) 0.061(4) 
C61 0.9595(13) 0.8027(12) 0.4258(13) 0.064(4) 
C62 1.0650(15) 0.8196(13) 0.3203(14) 0.077(5) 
C63 1.0690(18) 0.7883(15) 0.2279(17) 0.097(6) 
C64 0.9766(17) 0.7481(15) 0.2300(17) 0.091(6) 
C65 0.8681(14) 0.7362(12) 0.3347(13) 0.067(4) 
C66 0.7610(14) 0.6992(13) 0.3481(14) 0.071(4) 
C67 0.753(2) 0.6687(17) 0.257(2) 0.115(7) 
C68 0.645(2) 0.635(2) 0.281(2) 0.144(9) 
C69 0.552(2) 0.6283(18) 0.385(2) 0.119(7) 
C70 0.5651(17) 0.6627(15) 0.4710(17) 0.091(6) 
H411 0.8516 0.5346 0.5297 0.21(2) 
H421 0.8307 0.3516 0.5869 0.22(2) 
H431 0.6776 0.2798 0.7551 0.23(2) 
H441 0.5332 0.3879 0.8602 0.22(2) 
H471 0.4002 0.5082 0.9575 0.19(2) 
H481 0.2727 0.6378 1.0122 0.19(2) 
H491 0.3071 0.8058 0.9105 0.18(2) 
H521 0.356 0.9609 0.7977 0.17(2) 
H531 0.4185 1.1193 0.6732 0.19(2) 
H541 0.5975 1.1338 0.5075 0.18(2) 
H551 0.7038 0.9803 0.4733 0.15(2) 
H561 0.7412 0.795 0.7862 0.22(2) 
H571 0.8879 0.8757 0.8064 0.23(2) 
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Atom x y z U(iso) (Å2) 
H581 1.0621 0.9076 0.6563 0.24(2) 
H591 1.1082 0.8811 0.4742 0.21(2) 
H621 1.1305 0.851 0.3158 0.16(2) 
H631 1.1398 0.7969 0.1589 0.19(2) 
H641 0.9812 0.7273 0.1652 0.19(2) 
H671 0.8209 0.6694 0.1864 0.25(2) 
H681 0.6366 0.6162 0.2207 0.31(2) 
H691 0.4793 0.6033 0.3993 0.27(2) 
H701 0.4999 0.6604 0.5437 0.20(2) 
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A2.5 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for [Co(phen)3][Au(CN)4]2 
Atom x y z U(iso) (Å2) 
Au1 0.038663(13) 0.287989(12) 0.500348(9) 0.0172 
Au2 0.684780(13) 0.455476(12) 0.061081(9) 0.0167 
Co1 0.49076(4) 0.86788(4) 0.25519(3) 0.013 
N11 -0.0784(4) 0.3104(3) 0.3378(2) 0.0259 
N12 0.1792(5) 0.5191(4) 0.4220(3) 0.0408 
N13 0.1634(4) 0.2599(4) 0.6599(3) 0.0286 
N14 -0.1157(4) 0.0665(4) 0.5817(2) 0.0332 
N21 0.5182(5) 0.6886(4) 0.0116(3) 0.042 
N22 0.8785(4) 0.5410(3) -0.0977(3) 0.028 
N23 0.8472(4) 0.2190(4) 0.1084(3) 0.0369 
N24 0.4975(4) 0.3730(4) 0.2257(3) 0.0288 
N31 0.5901(3) 0.9308(3) 0.13224(19) 0.0154 
N32 0.6256(3) 0.7208(3) 0.23844(19) 0.0153 
N33 0.3500(3) 0.7786(3) 0.2277(2) 0.0156 
N34 0.3512(3) 1.0092(3) 0.2414(2) 0.0156 
N35 0.4479(3) 0.7927(3) 0.3871(2) 0.0153 
N36 0.6010(3) 0.9638(3) 0.31088(19) 0.0162 
C11 -0.0356(4) 0.3033(4) 0.3973(3) 0.0207 
C12 0.1309(4) 0.4323(4) 0.4489(3) 0.027 
C13 0.1160(4) 0.2703(4) 0.6025(3) 0.0224 
C14 -0.0565(4) 0.1461(4) 0.5533(3) 0.0226 
C21 0.5798(4) 0.6038(4) 0.0305(3) 0.0252 
C22 0.8073(4) 0.5102(3) -0.0403(3) 0.0209 
C23 0.7886(4) 0.3057(4) 0.0903(3) 0.0245 
C24 0.5642(4) 0.4018(3) 0.1646(3) 0.0217 
C31 0.5726(4) 1.0338(3) 0.0799(2) 0.019 
C32 0.6560(4) 1.0745(4) 0.0075(2) 0.0224 
C33 0.7608(4) 1.0042(4) -0.0115(2) 0.023 
C34 0.7807(4) 0.8923(3) 0.0403(2) 0.0184 
C35 0.8851(4) 0.8114(4) 0.0225(2) 0.0221 
C36 0.9000(4) 0.7032(4) 0.0730(2) 0.0208 
C37 0.8126(3) 0.6679(3) 0.1474(2) 0.0173 
C38 0.8241(4) 0.5563(3) 0.2018(2) 0.0181 
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Atom x y z U(iso) (Å2) 
C39 0.7367(4) 0.5303(3) 0.2724(3) 0.0202 
C40 0.6400(4) 0.6152(3) 0.2885(2) 0.0188 
C41 0.7106(3) 0.7466(3) 0.1680(2) 0.0143 
C42 0.6932(3) 0.8593(3) 0.1123(2) 0.0148 
C43 0.3501(4) 0.6644(3) 0.2212(3) 0.0199 
C44 0.2474(4) 0.6127(4) 0.2114(3) 0.0241 
C45 0.1405(4) 0.6834(4) 0.2082(3) 0.0232 
C46 0.1375(4) 0.8055(4) 0.2125(2) 0.0189 
C47 0.0314(4) 0.8870(4) 0.2050(3) 0.0232 
C48 0.0351(4) 1.0049(4) 0.2072(3) 0.023 
C49 0.1430(3) 1.0528(3) 0.2182(2) 0.0179 
C50 0.1512(4) 1.1742(4) 0.2194(3) 0.0241 
C51 0.2581(4) 1.2109(4) 0.2314(3) 0.0257 
C52 0.3565(4) 1.1253(3) 0.2428(2) 0.021 
C53 0.2467(3) 0.9733(3) 0.2281(2) 0.0148 
C54 0.2447(3) 0.8493(3) 0.2231(2) 0.0141 
C55 0.3726(4) 0.7075(4) 0.4239(2) 0.0195 
C56 0.3706(4) 0.6475(4) 0.5072(2) 0.0231 
C57 0.4477(4) 0.6785(4) 0.5544(2) 0.0223 
C58 0.5255(4) 0.7694(3) 0.5182(2) 0.0172 
C59 0.6060(4) 0.8101(4) 0.5636(2) 0.0216 
C60 0.6750(4) 0.9035(4) 0.5275(2) 0.0216 
C61 0.6743(4) 0.9607(3) 0.4414(2) 0.0178 
C62 0.7451(4) 1.0563(3) 0.4012(2) 0.0193 
C63 0.7422(4) 1.1030(3) 0.3180(2) 0.0193 
C64 0.6700(4) 1.0530(3) 0.2746(3) 0.02 
C65 0.6015(3) 0.9187(3) 0.3940(2) 0.0149 
C66 0.5226(3) 0.8246(3) 0.4336(2) 0.0151 
H311 0.4998 1.0823 0.0921 0.021(3) 
H321 0.6404 1.1492 -0.0276 0.024(3) 
H331 0.8194 1.0309 -0.0594 0.025(3) 
H351 0.9449 0.834 -0.0255 0.024(3) 
H361 0.9687 0.6504 0.0591 0.024(3) 
H381 0.8907 0.5001 0.1901 0.021(3) 
H391 0.7421 0.4556 0.3097 0.023(3) 
H401 0.5815 0.5964 0.3379 0.022(3) 
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Atom x y z U(iso) (Å2) 
H431 0.4234 0.6151 0.2233 0.024(3) 
H441 0.2514 0.5305 0.2069 0.030(3) 
H451 0.0693 0.6497 0.2032 0.028(3) 
H471 -0.0416 0.858 0.1985 0.027(3) 
H481 -0.0354 1.0574 0.2013 0.026(3) 
H501 0.0838 1.2305 0.2121 0.027(3) 
H511 0.2655 1.2929 0.2321 0.030(3) 
H521 0.4295 1.1513 0.2519 0.025(3) 
H551 0.318 0.6867 0.3924 0.023(3) 
H561 0.3168 0.5862 0.531 0.027(3) 
H571 0.4478 0.6385 0.6108 0.025(3) 
H591 0.6109 0.7711 0.6196 0.026(3) 
H601 0.7244 0.9314 0.5595 0.026(3) 
H621 0.7945 1.0883 0.4311 0.023(3) 
H631 0.7885 1.1687 0.29 0.022(3) 
H641 0.6709 1.0845 0.2167 0.024(3) 
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A2.6 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for [Ni(terpy)2][Au(CN)4][ClO4]·H2O 
Atom x y z U(iso) (Å2) 
Au1 0.72035(10) 0.493225(4) 0.66406(9) 0.0463 
Ni1 0.17820(11) 0.638766(12) 0.33397(10) 0.0294 
Cl1 0.1079(2) 0.72346(4) 0.8539(2) 0.0604 
O1 0.4234(15) 0.7121(3) 0.5961(15) 0.182(5) 
O11 0.2381(7) 0.70649(15) 0.9023(7) 0.0851(17) 
O12 0.1243(9) 0.75306(18) 0.8927(8) 0.104(2) 
O13 0.0836(13) 0.7229(3) 0.7003(13) 0.164(4) 
O14 -0.0312(12) 0.7131(2) 0.9278(11) 0.143(3) 
N11 0.4625(8) 0.47735(18) 0.4265(8) 0.077 
N12 0.6933(11) 0.56166(15) 0.6039(9) 0.0958 
N13 0.9740(9) 0.50950(15) 0.9074(9) 0.0768 
N14 0.7495(9) 0.42486(13) 0.7185(8) 0.0791 
N21 0.2706(5) 0.62958(10) 0.5525(4) 0.035 
N22 0.2009(5) 0.59430(9) 0.3318(5) 0.0339 
N23 0.0907(5) 0.62784(9) 0.1175(4) 0.0331 
N24 -0.0426(5) 0.64590(9) 0.4206(4) 0.032 
N25 0.1629(5) 0.68313(9) 0.3266(5) 0.0326 
N26 0.3949(5) 0.65147(10) 0.2467(5) 0.0338 
C11 0.5533(9) 0.48343(16) 0.5127(8) 0.0568 
C12 0.7021(11) 0.53680(14) 0.6248(8) 0.0658 
C13 0.8855(10) 0.50233(18) 0.8158(10) 0.063 
C14 0.7405(9) 0.44955(15) 0.7018(7) 0.054 
C21 0.2971(7) 0.64875(13) 0.6622(6) 0.0418 
C22 0.3613(7) 0.64017(16) 0.8013(6) 0.0521 
C23 0.3954(8) 0.61081(17) 0.8224(7) 0.0569 
C24 0.3645(7) 0.59049(14) 0.7121(6) 0.0488 
C25 0.3011(6) 0.60041(12) 0.5768(5) 0.0361 
C26 0.2660(6) 0.58052(11) 0.4498(6) 0.0379 
C27 0.2934(8) 0.55032(12) 0.4441(7) 0.0524 
C28 0.2512(9) 0.53465(13) 0.3165(8) 0.0606 
C29 0.1848(7) 0.54918(12) 0.1944(7) 0.0526 
C30 0.1588(6) 0.57952(11) 0.2066(6) 0.0377 
C31 0.0894(6) 0.59844(11) 0.0878(5) 0.0366 
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Atom x y z U(iso) (Å2) 
C32 0.0242(8) 0.58725(13) -0.0439(6) 0.0495 
C33 -0.0377(8) 0.60646(15) -0.1487(6) 0.056 
C34 -0.0347(8) 0.63671(14) -0.1192(6) 0.0502 
C35 0.0310(7) 0.64626(13) 0.0145(6) 0.04 
C36 -0.1416(6) 0.62589(12) 0.4703(5) 0.0388 
C37 -0.2787(7) 0.63326(14) 0.5341(6) 0.0476 
C38 -0.3145(7) 0.66307(16) 0.5491(7) 0.0532 
C39 -0.2150(7) 0.68435(13) 0.4980(7) 0.0478 
C40 -0.0792(6) 0.67530(11) 0.4335(5) 0.0345 
C41 0.0354(6) 0.69630(11) 0.3754(5) 0.0361 
C42 0.0169(8) 0.72686(13) 0.3647(7) 0.0484 
C43 0.1328(8) 0.74365(13) 0.3068(8) 0.0568 
C44 0.2656(7) 0.72963(12) 0.2575(7) 0.0467 
C45 0.2761(6) 0.69873(11) 0.2676(5) 0.0342 
C46 0.4067(6) 0.68100(11) 0.2203(5) 0.0339 
C47 0.5336(7) 0.69308(14) 0.1508(6) 0.0454 
C48 0.6516(7) 0.67429(14) 0.1099(7) 0.0498 
C49 0.6393(7) 0.64388(15) 0.1384(6) 0.0484 
C50 0.5097(6) 0.63378(13) 0.2077(6) 0.0404 
H211 0.2718 0.669 0.6463 0.045(4) 
H221 0.3803 0.6543 0.8784 0.057(4) 
H231 0.4411 0.6045 0.9148 0.063(4) 
H241 0.386 0.57 0.7276 0.053(4) 
H271 0.3408 0.5404 0.5272 0.057(4) 
H281 0.2678 0.5138 0.3126 0.067(4) 
H291 0.1578 0.5387 0.1051 0.057(4) 
H321 0.0224 0.5664 -0.0615 0.054(4) 
H331 -0.0819 0.5992 -0.2399 0.061(4) 
H341 -0.0769 0.6505 -0.1894 0.054(4) 
H351 0.0338 0.667 0.0342 0.042(4) 
H361 -0.1164 0.6055 0.4612 0.041(4) 
H371 -0.347 0.6183 0.567 0.052(4) 
H381 -0.4074 0.6688 0.5945 0.058(4) 
H391 -0.2388 0.7049 0.5066 0.052(4) 
H421 -0.0748 0.736 0.3971 0.053(4) 
H431 0.1228 0.7646 0.3003 0.063(4) 
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Atom x y z U(iso) (Å2) 
H441 0.3473 0.7409 0.2178 0.051(4) 
H471 0.5392 0.7138 0.1316 0.049(4) 
H481 0.7399 0.682 0.0632 0.055(4) 
H491 0.7181 0.6305 0.1106 0.053(4) 
H501 0.5019 0.6132 0.2287 0.043(4) 
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A2.7 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for trans-[CoCl2(en)2][Au(CN)4] 
Atom x y z U(iso) (Å2) 
Au1 -0.50000 0.50000 -1.00000 0.0283 
Co1 -0.50000 0.00000 -0.50000 0.0232 
Cl1 -0.7456(3) -0.0330(3) -0.4585(3) 0.0318 
N1 -0.4852(10) 0.2097(9) -0.4151(9) 0.0331 
N2 -0.4305(9) -0.1061(9) -0.3563(7) 0.0285 
N11 -0.4186(14) 0.4006(14) -0.7445(10) 0.0503 
N12 -0.7022(16) 0.1808(15) -1.0470(13) 0.0606 
C1 -0.4084(15) 0.1805(14) -0.2975(12) 0.0442 
C2 -0.4574(16) 0.0092(12) -0.2598(10) 0.0397 
C11 -0.4489(13) 0.4345(14) -0.8372(10) 0.0373 
C12 -0.6276(15) 0.2946(14) -1.0269(12) 0.0427 
H11 -0.4277 0.2859 -0.4531 0.10(3) 
H12 -0.5832 0.2522 -0.4094 0.10(3) 
H13 -0.2979 0.186 -0.2996 0.04(2) 
H14 -0.442 0.2639 -0.2456 0.04(2) 
H21 -0.4832 -0.2056 -0.3482 0.06(3) 
H22 -0.3259 -0.1269 -0.3558 0.06(3) 
H23 -0.3942 -0.0241 -0.1918 0.04(2) 
H24 -0.5646 0.0088 -0.2432 0.04(2) 
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A2.8 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for [Ni(en)3][Au(CN)4]2 
Atom x y z U(iso) (Å2) 
Au1 0.150508(13) 0.582417(15) 0.563678(11) 0.0362 
Au2 0.638150(14) 0.137095(16) 0.588005(12) 0.0423 
Ni1 0.74712(4) 0.60718(5) 0.73330(3) 0.0345 
N1 0.8650(3) 0.4846(3) 0.7751(3) 0.0478 
N2 0.7599(3) 0.5910(4) 0.8683(3) 0.0522 
N3 0.6262(3) 0.4871(3) 0.6865(3) 0.0495 
N4 0.6151(3) 0.7118(3) 0.6965(3) 0.0523 
N5 0.7655(3) 0.6252(3) 0.6091(2) 0.0436 
N6 0.8557(3) 0.7386(3) 0.7664(3) 0.0488 
N11 0.2903(4) 0.6447(4) 0.4576(3) 0.066 
N12 0.2949(4) 0.3879(5) 0.6543(4) 0.0844 
N13 -0.0088(3) 0.4998(4) 0.6458(3) 0.062 
N14 -0.0100(4) 0.7659(4) 0.4731(3) 0.0794 
N21 0.7219(4) 0.2318(4) 0.7815(3) 0.0738 
N22 0.8488(5) 0.0116(6) 0.6398(4) 0.1167 
N23 0.5623(4) 0.0464(5) 0.3942(3) 0.0843 
N24 0.4308(4) 0.2690(5) 0.5351(3) 0.0904 
C1 0.9076(4) 0.4808(5) 0.8727(4) 0.0668 
C2 0.8239(4) 0.4941(5) 0.9074(3) 0.0655 
C3 0.5275(4) 0.5435(5) 0.6370(4) 0.0607 
C4 0.5214(4) 0.6456(5) 0.6854(4) 0.0642 
C5 0.8206(4) 0.7271(5) 0.6099(3) 0.0595 
C6 0.9036(4) 0.7460(5) 0.7010(3) 0.0574 
C11 0.2425(4) 0.6263(4) 0.4987(3) 0.0458 
C12 0.2439(4) 0.4589(5) 0.6207(3) 0.0514 
C13 0.0511(4) 0.5310(4) 0.6205(3) 0.0428 
C14 0.0518(4) 0.7027(5) 0.5058(3) 0.0515 
C21 0.6899(4) 0.1967(5) 0.7119(3) 0.0494 
C22 0.7721(5) 0.0550(5) 0.6197(4) 0.0709 
C23 0.5886(4) 0.0775(5) 0.4642(4) 0.0589 
C24 0.5043(4) 0.2201(5) 0.5565(3) 0.0574 
H11 0.9177 0.5014 0.7548 0.076(4) 
H12 0.8363 0.4178 0.7523 0.076(4) 
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Atom x y z U(iso) (Å2) 
H13 0.9571 0.5373 0.8951 0.096(4) 
H14 0.9406 0.4128 0.8916 0.096(4) 
H21 0.7915 0.6524 0.9003 0.082(4) 
H22 0.6941 0.5828 0.8701 0.082(4) 
H23 0.8541 0.5023 0.9702 0.094(4) 
H24 0.7807 0.4317 0.893 0.094(4) 
H31 0.6209 0.45 0.7346 0.077(4) 
H32 0.6413 0.4384 0.6492 0.077(4) 
H33 0.5246 0.5611 0.5791 0.087(4) 
H34 0.4708 0.4976 0.6325 0.087(4) 
H41 0.6248 0.7633 0.7408 0.078(4) 
H42 0.6065 0.7465 0.6432 0.078(4) 
H43 0.52 0.6282 0.742 0.095(4) 
H44 0.4603 0.6847 0.6517 0.095(4) 
H51 0.8037 0.5674 0.6006 0.070(4) 
H52 0.7004 0.6268 0.5632 0.070(4) 
H53 0.7724 0.7854 0.5955 0.090(4) 
H54 0.8522 0.7232 0.5672 0.090(4) 
H61 0.9068 0.7267 0.8223 0.074(4) 
H62 0.8211 0.8029 0.767 0.074(4) 
H63 0.9331 0.8159 0.7033 0.086(4) 
H64 0.9565 0.6927 0.7129 0.086(4) 
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A2.9 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for [Co(NH3)6][Au(CN)4]3·4H2O 
Atom x y z U(iso) (Å2) 
Au1 -0.64701(3) -0.337089(10) -0.469422(8) 0.0292 
Au2 -0.15118(3) -0.506361(10) -0.539388(8) 0.0295 
Au3 -0.64261(3) -0.683037(10) -0.565589(8) 0.0307 
Co1 -0.72472(10) -0.61043(5) -0.26519(3) 0.0343 
O1 -0.5413(8) -0.3009(3) -0.2466(2) 0.063 
O2 -0.8946(9) -0.2523(4) -0.2817(3) 0.0835 
O3 -0.7752(9) -0.8505(4) -0.1857(3) 0.0871 
O4 -0.6966(11) -0.9810(4) -0.2385(4) 0.1059 
N1 -0.7612(9) -0.7046(4) -0.3010(3) 0.0769 
N2 -0.8119(7) -0.6466(3) -0.1851(2) 0.0435 
N3 -0.9719(8) -0.5849(5) -0.2893(3) 0.1026 
N4 -0.6333(10) -0.5788(4) -0.3452(2) 0.0693 
N5 -0.4774(6) -0.6334(3) -0.2410(2) 0.0332 
N6 -0.6923(10) -0.5154(3) -0.2282(3) 0.0675 
N11 -0.5064(9) -0.2200(4) -0.3797(3) 0.062 
N12 -0.4928(8) -0.2533(3) -0.5831(3) 0.0507 
N13 -0.7886(8) -0.4431(3) -0.5693(3) 0.0514 
N14 -0.7857(11) -0.4253(4) -0.3547(3) 0.0701 
N21 -0.3383(9) -0.4297(4) -0.6518(3) 0.0596 
N22 -0.0169(9) -0.6178(4) -0.6366(3) 0.0585 
N23 0.0315(10) -0.5874(4) -0.4291(3) 0.0628 
N24 -0.2651(10) -0.3901(4) -0.4434(3) 0.0689 
N31 -0.4973(10) -0.5612(4) -0.4825(3) 0.0603 
N32 -0.5163(10) -0.6035(4) -0.6856(3) 0.0698 
N33 -0.7964(11) -0.8093(4) -0.6416(3) 0.0722 
N34 -0.7756(9) -0.7498(3) -0.4405(3) 0.0556 
C11 -0.5586(9) -0.2624(3) -0.4121(3) 0.0397 
C12 -0.5503(8) -0.2820(3) -0.5413(2) 0.0341 
C13 -0.7377(8) -0.4075(3) -0.5310(3) 0.0363 
C14 -0.7400(10) -0.3938(3) -0.3967(3) 0.0462 
C21 -0.2733(9) -0.4557(3) -0.6097(3) 0.0414 
C22 -0.0687(8) -0.5801(3) -0.6001(3) 0.0375 
C23 -0.0325(9) -0.5583(4) -0.4695(3) 0.0432 
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Atom x y z U(iso) (Å2) 
C24 -0.2238(10) -0.4303(4) -0.4790(3) 0.045 
C31 -0.5502(10) -0.6050(4) -0.5144(3) 0.0418 
C32 -0.5598(9) -0.6333(3) -0.6427(3) 0.0418 
C33 -0.7423(10) -0.7638(3) -0.6142(3) 0.0449 
C34 -0.7262(9) -0.7283(4) -0.4869(3) 0.0413 
H11 -0.8096 -0.7345 -0.2709 0.187(13) 
H12 -0.8409 -0.7009 -0.3344 0.187(13) 
H13 -0.6518 -0.7228 -0.315 0.187(13) 
H14 -0.523 -0.3267 -0.2118 0.175(13) 
H21 -0.9018 -0.6799 -0.1923 0.151(13) 
H22 -0.7162 -0.6677 -0.1641 0.151(13) 
H23 -0.8585 -0.6104 -0.1606 0.151(13) 
H24 -0.9227 -0.2507 -0.3226 0.194(13) 
H25 -0.7836 -0.2671 -0.2708 0.194(13) 
H31 -0.9804 -0.585 -0.3326 0.213(13) 
H32 -1.0559 -0.6166 -0.2734 0.213(13) 
H33 -0.9982 -0.5397 -0.2749 0.213(13) 
H34 -0.7627 -0.8628 -0.1453 0.201(13) 
H35 -0.6782 -0.8348 -0.2068 0.201(13) 
H41 -0.7053 -0.5929 -0.3785 0.182(13) 
H42 -0.5148 -0.593 -0.3522 0.182(13) 
H43 -0.6338 -0.5297 -0.3446 0.182(13) 
H44 -0.7377 -1.0073 -0.2705 0.226(13) 
H45 -0.7207 -0.9388 -0.2211 0.226(13) 
H51 -0.4179 -0.6556 -0.2738 0.139(13) 
H52 -0.4776 -0.6629 -0.2063 0.139(13) 
H53 -0.4207 -0.5909 -0.2314 0.139(13) 
H61 -0.574 -0.5008 -0.2365 0.181(13) 
H62 -0.7704 -0.483 -0.2465 0.181(13) 
H63 -0.709 -0.5163 -0.1856 0.181(13) 
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A2.10 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for K[Co(NH3)5][Au(CN)4]4 
Atom x y z U(iso) (Å2) 
Au1 0.13011(3) 0.25000 0.76315(3) 0.0319 
Au2 0.00000 0.50000 0.50000 0.0269 
Au3 0.50000 0.50000 0.00000 0.0329 
Au4 0.00000 0.50000 0.00000 0.035 
Co1 0.43411(8) 0.25000 0.44499(8) 0.0226 
K1 0.87072(18) 0.25000 0.2071(2) 0.0443 
N1 0.4332(4) 0.3642(2) 0.4466(4) 0.0362 
N2 0.2856(5) 0.250000(7) 0.2838(5) 0.0285 
N3 0.5637(6) 0.250000(7) 0.3344(6) 0.0476 
N4 0.5837(6) 0.250000(7) 0.6089(6) 0.0401 
N11 0.3089(5) 0.25000 0.5567(5) 0.027 
N12 0.3783(10) 0.25000 1.0131(8) 0.0758 
N13 -0.0392(13) 0.25000 0.9769(12) 0.1146 
N14 -0.1330(7) 0.25000 0.5236(9) 0.057 
N21 0.0677(5) 0.3548(3) 0.3452(6) 0.0505 
N22 -0.2860(6) 0.4301(4) 0.4935(7) 0.0715 
N31 0.6901(7) 0.3718(4) 0.1650(7) 0.0764 
N32 0.4772(7) 0.3951(4) -0.2529(6) 0.0764 
N41 0.2748(6) 0.4325(4) 0.1749(6) 0.0634 
N42 -0.0947(7) 0.5769(4) 0.2357(6) 0.0678 
C11 0.2457(6) 0.25000 0.6318(7) 0.0302 
C12 0.2928(9) 0.25000 0.9189(8) 0.0476 
C13 0.0190(10) 0.25000 0.8952(10) 0.061 
C14 -0.0395(8) 0.25000 0.6096(9) 0.0424 
C21 0.0429(5) 0.4066(3) 0.4017(5) 0.037 
C22 -0.1835(6) 0.4561(3) 0.4951(6) 0.0423 
C31 0.6221(7) 0.4194(4) 0.1066(6) 0.0504 
C32 0.4832(7) 0.4346(4) -0.1632(6) 0.0508 
C41 0.1757(6) 0.4590(4) 0.1152(6) 0.0448 
C42 -0.0555(6) 0.5472(4) 0.1543(6) 0.0489 
H13 0.394 0.3817 0.5137 0.0411 
H11 0.5219 0.3829 0.4628 0.24(2) 
H12 0.3826 0.3825 0.3639 0.24(2) 
Continued on next page… 
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Atom x y z U(iso) (Å2) 
H21 0.2341 0.2944 0.2884 0.0339 
H22 0.2341 0.2056 0.2884 0.0339 
H23 0.302 0.25 0.1991 0.0339 
H31 0.5173 0.25 0.2441 0.25(2) 
H32 0.6181 0.2944 0.3534 0.25(2) 
H33 0.6181 0.2056 0.3534 0.25(2) 
H41 0.6669 0.25 0.5866 0.24(2) 
H42 0.5772 0.2944 0.659 0.24(2) 
H43 0.5772 0.2056 0.659 0.24(2) 
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A2.11 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for [Hdabco][Au(CN)4] 
Atom x y z U(iso) (Å2) 
Au1 0.00000 0.50000 0.00000 0.0322 
Au2 0.00000 0.00000 0.00000 0.0442 
N1 0.7206(3) 0.12328(16) 0.3739(2) 0.0366 
N2 0.4832(4) 0.2316(2) 0.2725(3) 0.0525 
N11 0.2717(4) 0.34968(19) 0.1093(3) 0.055 
N12 0.1777(4) 0.5047(2) -0.2080(3) 0.0632 
N21 0.3203(6) 0.0902(2) -0.0896(3) 0.1038 
N22 -0.1029(6) 0.1768(2) 0.0913(3) 0.0808 
C1 0.8218(4) 0.2010(2) 0.3547(3) 0.046 
C2 0.6786(5) 0.2696(2) 0.2964(4) 0.0593 
C3 0.5848(5) 0.1456(2) 0.4408(3) 0.0483 
C4 0.4309(5) 0.2068(3) 0.3764(4) 0.0648 
C5 0.6152(5) 0.0886(2) 0.2683(3) 0.0463 
C6 0.4793(5) 0.1545(2) 0.2008(3) 0.0611 
C11 0.1740(4) 0.4047(2) 0.0681(3) 0.0386 
C12 0.1146(4) 0.5031(2) -0.1324(3) 0.0415 
C21 0.2059(6) 0.0573(3) -0.0573(4) 0.066 
C22 -0.0645(6) 0.1125(3) 0.0589(3) 0.0574 
H11 0.8951 0.2223 0.4244 0.0617(17) 
H12 0.9053 0.1876 0.308 0.0617(17) 
H21 0.685 0.3175 0.3448 0.0766(17) 
H22 0.7075 0.2874 0.2286 0.0766(17) 
H23 0.3948 0.2716 0.2343 0.0685(17) 
H31 0.6525 0.1725 0.5083 0.0665(17) 
H32 0.5249 0.0948 0.4581 0.0665(17) 
H41 0.4247 0.2562 0.4205 0.0893(17) 
H42 0.3094 0.1789 0.3586 0.0893(17) 
H51 0.7035 0.0709 0.2266 0.0634(17) 
H52 0.5427 0.0405 0.2819 0.0634(17) 
H61 0.5201 0.1696 0.1356 0.0766(17) 
H62 0.3526 0.1318 0.1796 0.0766(17) 
 
  188 
A2.12 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for Mn(H2O)4[Au(CN)4]!4H2O 
Atom x y z U(iso) (Å2) 
Au1 0.50000 0.00000 0.50000 0.0268 
Au2 1.00000 0.50000 0.50000 0.0318 
Mn1 1.00000 0.00000 1.00000 0.0261 
O1 1.0195(5) 0.2571(3) 1.0313(3) 0.0357 
O2 0.7440(5) -0.0361(4) 1.0954(3) 0.0459 
O3 0.6009(6) 0.5535(4) 0.8280(4) 0.0618 
O4 0.5834(5) 0.2946(4) 0.9971(4) 0.0548 
N11 0.7744(6) -0.0073(4) 0.7970(3) 0.0402 
N12 0.4200(7) 0.3380(5) 0.5775(5) 0.0599 
N21 0.8294(7) 0.1565(5) 0.3518(5) 0.0605 
N22 1.0097(8) 0.3847(6) 0.7871(4) 0.0622 
C11 0.6756(6) -0.0038(5) 0.6889(3) 0.0329 
C12 0.4469(6) 0.2146(5) 0.5494(4) 0.0384 
C21 0.8913(7) 0.2800(5) 0.4075(4) 0.0425 
C22 1.0040(7) 0.4243(5) 0.6808(4) 0.0415 
H11 1.1467 0.3006 1.0947 0.100(10) 
H12 1.0102 0.3016 0.9496 0.100(10) 
H21 0.7925 -0.0059 1.1888 0.107(10) 
H22 0.679 -0.1405 1.0804 0.107(10) 
H31 0.5152 0.5894 0.8749 0.126(10) 
H32 0.5189 0.4858 0.7524 0.126(10) 
H41 0.7162 0.2703 1.0144 0.120(10) 
H42 0.5749 0.378 0.944 0.120(10) 
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A2.13 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for Fe(OH)(H2O)3[Au(CN)4]!4H2O 
Atom x y z U(iso) (Å2) 
Au1 0.50000 0.00000 0.50000 0.0233 
Au2 1.00000 0.50000 0.50000 0.0281 
Fe1 1.00000 0.00000 1.00000 0.0223 
O1 1.0199(3) 0.25131(17) 1.03221(15) 0.0309 
O2 0.7487(3) -0.0351(2) 1.09116(17) 0.0386 
O3 0.6004(3) 0.5544(2) 0.8282(2) 0.0566 
O4 0.5814(3) 0.2919(2) 0.9962(2) 0.0497 
N11 0.7795(3) -0.0057(2) 0.80084(17) 0.0335 
N12 0.4190(4) 0.3379(3) 0.5763(3) 0.0551 
N21 0.8310(4) 0.1560(3) 0.3494(3) 0.056 
N22 1.0089(5) 0.3836(3) 0.7885(2) 0.0574 
C11 0.6783(3) -0.0026(2) 0.69124(17) 0.028 
C12 0.4469(4) 0.2155(3) 0.5491(2) 0.0343 
C21 0.8917(4) 0.2798(3) 0.4057(2) 0.038 
C22 1.0036(4) 0.4235(3) 0.6827(2) 0.0376 
H11 1.1469 0.2955 1.0931 0.071(5) 
H12 1.0105 0.2936 0.9506 0.071(5) 
H21 0.7908 -0.0039 1.1832 0.081(5) 
H22 0.6749 -0.1372 1.0757 0.081(5) 
H31 0.5155 0.5941 0.8735 0.098(5) 
H32 0.5183 0.4896 0.7522 0.098(5) 
H41 0.7148 0.2706 1.0134 0.094(5) 
H42 0.5713 0.3743 0.9431 0.094(5) 
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A2.14 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for Co(H2O)4[Au(CN)4]!4H2O 
Atom x y z U(iso) (Å2) 
Au1 0.50000 0.00000 0.50000 0.0241 
Au2 1.00000 0.50000 0.50000 0.0291 
Co1 1.00000 0.00000 1.00000 0.0224 
O1 1.0190(6) 0.2465(4) 1.0322(4) 0.0312 
O2 0.7532(6) -0.0339(4) 1.0902(4) 0.0376 
O3 0.6017(7) 0.5559(5) 0.8292(5) 0.0565 
O4 0.5807(7) 0.2907(5) 0.9966(5) 0.0515 
N11 0.7826(6) -0.0081(5) 0.8027(4) 0.0317 
N12 0.4197(9) 0.3390(6) 0.5779(6) 0.0534 
N21 0.8349(9) 0.1526(6) 0.3517(6) 0.0546 
N22 1.0072(9) 0.3839(7) 0.7892(5) 0.0556 
C11 0.6798(7) -0.0048(5) 0.6927(4) 0.0278 
C12 0.4477(8) 0.2163(6) 0.5493(5) 0.033 
C21 0.8932(9) 0.2773(7) 0.4074(6) 0.0396 
C22 1.0048(9) 0.4246(7) 0.6840(5) 0.0399 
H11 1.1462 0.291 1.0937 0.069(10) 
H12 1.008 0.2899 0.9505 0.069(10) 
H21 0.804 -0.0053 1.183 0.077(10) 
H22 0.6866 -0.1384 1.0745 0.077(10) 
H31 0.5165 0.5949 0.8744 0.098(10) 
H32 0.5198 0.4903 0.753 0.098(10) 
H41 0.7138 0.2682 1.0133 0.094(10) 
H42 0.5699 0.3738 0.9433 0.094(10) 
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A2.15 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for Ni(H2O)4[Au(CN)4]!4H2O 
Atom x y z U(iso) (Å2) 
Au1 0.50000 0.00000 0.50000 0.0253 
Au2 1.00000 0.50000 0.50000 0.0309 
Ni1 1.00000 0.00000 1.00000 0.0241 
O1 1.0192(12) 0.2426(8) 1.0342(7) 0.0334 
O2 0.7499(11) -0.0338(8) 1.0862(7) 0.0403 
O3 0.6024(13) 0.5613(9) 0.8266(8) 0.0582 
O4 0.5806(13) 0.2944(10) 0.9954(9) 0.0509 
N11 0.7868(12) -0.0049(8) 0.8046(7) 0.0338 
N12 0.4206(18) 0.3399(10) 0.5750(10) 0.0546 
N21 0.8298(18) 0.1560(11) 0.3500(10) 0.0577 
N22 1.014(2) 0.3831(12) 0.7923(11) 0.0623 
C11 0.6842(14) -0.0019(10) 0.6952(9) 0.0308 
C12 0.4457(16) 0.2155(11) 0.5473(9) 0.0354 
C21 0.8921(17) 0.2792(11) 0.4065(11) 0.0389 
C22 1.0067(16) 0.4243(11) 0.6858(10) 0.0374 
H11 1.1464 0.286 1.0975 0.17(4) 
H12 1.0099 0.287 0.9524 0.17(4) 
H21 0.7983 -0.0037 1.1797 0.17(4) 
H22 0.6849 -0.1383 1.0712 0.17(4) 
H31 0.5167 0.5972 0.8735 0.19(4) 
H32 0.5204 0.4936 0.751 0.19(4) 
H41 0.7135 0.2701 1.0127 0.19(4) 
H42 0.5722 0.3778 0.9423 0.19(4) 
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A2.16 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for Cu(H2O)4[Au(CN)4]!4H2O 
Atom x y z U(iso) (Å2) 
Au1 -0.256161(17) 0.760084(9) 0.246177(8) 0.0106 
Au2 -0.50000 1.00000 0.50000 0.0135 
Au3 0.00000 0.50000 0.00000 0.0118 
Cu1 0.00000 0.50000 0.50000 0.0109 
Cu2 -0.50000 1.00000 0.00000 0.0108 
O1 -0.0951(4) 0.7978(2) 0.6399(2) 0.0239 
O2 -0.4402(4) 0.6331(2) 0.6477(2) 0.0246 
O3 -0.0721(4) 0.8501(2) 0.8515(2) 0.0237 
O4 -0.4142(4) 0.6813(2) 0.8577(2) 0.0265 
O11 0.1121(4) 0.62974(18) 0.60787(17) 0.016 
O12 -0.2737(4) 0.46608(18) 0.55667(18) 0.0179 
O21 -0.3583(4) 1.15365(19) 0.11584(18) 0.0191 
O22 -0.7741(4) 0.97763(19) 0.05758(18) 0.0203 
N11 -0.1325(5) 0.6145(2) 0.4030(2) 0.0201 
N12 -0.5396(5) 0.5470(3) 0.1135(2) 0.0257 
N13 -0.3930(4) 0.9047(2) 0.0915(2) 0.0168 
N14 0.0283(5) 0.9708(3) 0.3801(2) 0.0264 
N21 -0.6093(6) 0.7515(3) 0.3936(3) 0.0293 
N22 -0.5599(6) 0.9090(3) 0.7005(3) 0.0324 
N31 0.0783(6) 0.7537(3) 0.0901(3) 0.0273 
N32 -0.0610(6) 0.4275(3) 0.2084(2) 0.028 
C11 -0.1765(5) 0.6676(2) 0.3457(2) 0.0157 
C12 -0.4365(5) 0.6246(3) 0.1617(2) 0.0179 
C13 -0.3410(5) 0.8522(2) 0.1477(2) 0.0152 
C14 -0.0745(5) 0.8939(2) 0.3309(2) 0.0173 
C21 -0.5688(6) 0.8426(3) 0.4309(3) 0.0206 
C22 -0.5385(6) 0.9442(3) 0.6284(3) 0.0214 
C31 0.0470(5) 0.6608(3) 0.0579(2) 0.0185 
C32 -0.0404(6) 0.4557(3) 0.1328(3) 0.0193 
H11 -0.0907 0.8029 0.7074 0.097(7) 
H12 -0.0753 0.8672 0.6233 0.097(7) 
H21 -0.5729 0.6447 0.633 0.097(7) 
H22 -0.3433 0.6949 0.642 0.097(7) 
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Atom x y z U(iso) (Å2) 
H31 0.0605 0.8374 0.8636 0.095(7) 
H32 -0.1693 0.7878 0.8557 0.095(7) 
H41 -0.4277 0.6125 0.8751 0.101(7) 
H42 -0.421 0.6753 0.79 0.101(7) 
H111 0.0373 0.6837 0.6013 0.087(7) 
H112 0.0977 0.6079 0.6683 0.087(7) 
H121 -0.2966 0.5249 0.5995 0.090(7) 
H122 -0.2859 0.4054 0.5877 0.090(7) 
H211 -0.4302 1.208 0.1061 0.092(7) 
H212 -0.374 1.1359 0.1777 0.092(7) 
H221 -0.7876 1.0376 0.1016 0.093(7) 
H222 -0.7984 0.9158 0.087 0.093(7) 
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A2.17 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for Zn(H2O)4[Au(CN)4]!4H2O 
Atom x y z U(iso) (Å2) 
Au1 0.50000 0.00000 0.50000 0.0253 
Au2 1.00000 0.50000 0.50000 0.0309 
Ni1 1.00000 0.00000 1.00000 0.0241 
O1 1.0192(12) 0.2426(8) 1.0342(7) 0.0334 
O2 0.7499(11) -0.0338(8) 1.0862(7) 0.0403 
O3 0.6024(13) 0.5613(9) 0.8266(8) 0.0582 
O4 0.5806(13) 0.2944(10) 0.9954(9) 0.0509 
N11 0.7868(12) -0.0049(8) 0.8046(7) 0.0338 
N12 0.4206(18) 0.3399(10) 0.5750(10) 0.0546 
N21 0.8298(18) 0.1560(11) 0.3500(10) 0.0577 
N22 1.014(2) 0.3831(12) 0.7923(11) 0.0623 
C11 0.6842(14) -0.0019(10) 0.6952(9) 0.0308 
C12 0.4457(16) 0.2155(11) 0.5473(9) 0.0354 
C21 0.8921(17) 0.2792(11) 0.4065(11) 0.0389 
C22 1.0067(16) 0.4243(11) 0.6858(10) 0.0374 
H11 1.1464 0.286 1.0975 0.17(4) 
H12 1.0099 0.287 0.9524 0.17(4) 
H21 0.7983 -0.0037 1.1797 0.17(4) 
H22 0.6849 -0.1383 1.0712 0.17(4) 
H31 0.5167 0.5972 0.8735 0.19(4) 
H32 0.5204 0.4936 0.751 0.19(4) 
H41 0.7135 0.2701 1.0127 0.19(4) 
H42 0.5722 0.3778 0.9423 0.19(4) 
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A2.18 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for Cu(terpy)[Au(CN)4]0.5[ClO4]1.5·!H2O 
Atom x y z U(iso) (Å2) 
Au1 -0.04157(3) 0.293938(14) 0.75000 0.03 
Cu1 0.05673(7) 0.03281(4) 0.644101(15) 0.0364 
Cl1 -0.5507(3) 0.35471(18) 0.75000 0.0769 
Cl2 0.14462(19) -0.16831(9) 0.57923(5) 0.0646 
O1 -0.4101(9) 0.3093(8) 0.7424(5) 0.1652 
O2 -0.6761(10) 0.3078(9) 0.7351(4) 0.1761 
O3 -0.568(2) 0.3583(10) 0.7897(2) 0.1885 
O4 -0.5443(19) 0.4403(6) 0.7367(4) 0.2199 
O9 0.4283(10) -0.250000(11) 0.500000(11) 0.182 
O51 0.1931(11) -0.1394(6) 0.61733(18) 0.0762(9) 
O52 0.1902(12) -0.1093(6) 0.6096(2) 0.0762(9) 
O61 0.1781(12) -0.0938(5) 0.5529(2) 0.0762(9) 
O62 0.2316(12) -0.1192(7) 0.5450(2) 0.0762(9) 
O71 0.2414(10) -0.2443(5) 0.5667(3) 0.0762(9) 
O72 0.2092(11) -0.2555(4) 0.5801(3) 0.0762(9) 
O81 -0.0234(7) -0.1896(7) 0.5795(3) 0.0762(9) 
O82 -0.0165(8) -0.1633(7) 0.5664(3) 0.0762(9) 
N1 -0.0326(6) 0.1450(3) 0.68574(12) 0.0489 
N2 -0.0523(5) 0.4452(3) 0.81300(11) 0.0426 
N11 -0.1542(5) -0.0013(3) 0.61913(11) 0.0429 
N12 0.0891(5) 0.0864(2) 0.59407(10) 0.0374 
N13 0.2822(5) 0.0823(3) 0.65128(11) 0.0429 
C1 -0.0355(6) 0.1986(3) 0.70917(13) 0.0384 
C2 -0.0473(6) 0.3901(3) 0.79026(12) 0.037 
C11 -0.2759(7) -0.0477(3) 0.63472(19) 0.0599 
C12 -0.4144(8) -0.0685(4) 0.6141(3) 0.0819 
C13 -0.4275(9) -0.0399(5) 0.5771(3) 0.0878 
C14 -0.3026(8) 0.0082(4) 0.56011(19) 0.0709 
C15 -0.1669(7) 0.0258(3) 0.58184(15) 0.0473 
C16 -0.0236(7) 0.0736(3) 0.56749(13) 0.0464 
C17 0.0032(9) 0.1017(4) 0.52980(14) 0.0589 
C18 0.1482(10) 0.1400(4) 0.52086(16) 0.0705 
C19 0.2646(8) 0.1535(4) 0.54872(16) 0.0629 
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Atom x y z U(iso) (Å2) 
C20 0.2306(6) 0.1247(3) 0.58669(14) 0.0452 
C21 0.3371(6) 0.1290(3) 0.62019(15) 0.0443 
C22 0.4808(7) 0.1762(4) 0.6215(2) 0.0672 
C23 0.5703(8) 0.1758(5) 0.6553(3) 0.0804 
C24 0.5162(8) 0.1264(5) 0.6855(2) 0.0757 
C25 0.3715(7) 0.0807(4) 0.68276(16) 0.0577 
H91 0.3675 -0.2479 0.5218 0.196(6) 
H92 0.3692 -0.2095 0.5139 0.196(6) 
H111 -0.2658 -0.0666 0.6607 0.067(6) 
H121 -0.4986 -0.1023 0.6258 0.085(6) 
H131 -0.5229 -0.0533 0.563 0.101(6) 
H141 -0.3108 0.0278 0.5342 0.080(6) 
H171 -0.078 0.0943 0.5108 0.065(6) 
H181 0.1698 0.1577 0.4951 0.080(6) 
H191 0.3657 0.1803 0.5426 0.070(6) 
H221 0.5179 0.2084 0.5996 0.069(6) 
H231 0.6676 0.2096 0.6573 0.089(6) 
H241 0.5785 0.1236 0.7084 0.079(6) 
H251 0.334 0.0468 0.7042 0.061(6) 
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A2.19 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for CuCl[Au(CN)4] 
Atom x y z U(iso) (Å2) 
Au1 0.598400(12) 0.25000 0.715021(16) 0.0202 
Cu1 0.61319(4) 0.75000 0.70590(5) 0.021 
Cl1 0.65772(9) 0.75000 0.42692(12) 0.0333 
N1 0.6023(3) 0.5571(3) 0.7069(3) 0.0336 
N2 0.4823(4) 0.25000 1.0766(5) 0.0332 
N3 0.7212(4) 0.25000 0.3590(5) 0.0398 
C1 0.6001(3) 0.4452(3) 0.7123(3) 0.028 
C2 0.5256(4) 0.25000 0.9459(5) 0.0279 
C3 0.6737(4) 0.25000 0.4851(5) 0.0273 
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A2.20 Fractional Atomic Coordinates and Equivalent Isotropic Thermal Parameters 
(U(iso)) for [Cu(4,4!-bipy)2(H2O)2][Au(CN)4]2·H2O 
Atom x y z U(iso) (Å2) 
Au1 1.13534(2) 0.548136(6) 0.701723(7) 0.0461 
Cu1 0.75 0.75 0.493883(19) 0.0248 
O1 1.0605(4) 0.71348(11) 0.49201(11) 0.0464 
O2 1.250000(10) 0.750000(10) 0.38428(14) 0.0528 
N1 1.1858(6) 0.64714(19) 0.59882(19) 0.0737 
N2 1.1907(9) 0.6512(3) 0.8008(2) 0.1041 
N3 1.1067(9) 0.4450(3) 0.8019(2) 0.1077 
N4 1.0415(8) 0.44689(17) 0.6038(2) 0.0875 
N11 0.75 0.75 0.58512(14) 0.0292 
N12 0.75 0.75 0.40264(13) 0.0261 
N13 0.6603(3) 0.65766(10) 0.49463(10) 0.0278 
C1 1.1649(6) 0.6121(2) 0.6368(2) 0.0562 
C2 1.1741(7) 0.6142(2) 0.7643(2) 0.0666 
C3 1.1149(7) 0.4825(2) 0.7657(2) 0.0647 
C4 1.0828(7) 0.48331(19) 0.6397(2) 0.0578 
C11 0.6040(5) 0.72825(14) 0.61651(13) 0.0342 
C12 0.6000(5) 0.72713(16) 0.67832(14) 0.0369 
C13 0.75 0.75 0.71067(17) 0.0312 
C21 0.8213(5) 0.70183(13) 0.37143(12) 0.0293 
C22 0.8243(5) 0.69991(14) 0.30975(13) 0.0328 
C23 0.75 0.75 0.27714(17) 0.0296 
C31 0.7426(5) 0.61446(15) 0.52888(15) 0.044 
C32 0.6844(6) 0.55290(15) 0.53235(17) 0.0456 
C33 0.5339(4) 0.53318(12) 0.49872(13) 0.0277 
C34 0.4493(5) 0.57801(14) 0.46259(16) 0.0392 
C35 0.5157(5) 0.63868(13) 0.46204(14) 0.0352 
H11 1.099 0.6931 0.5253 0.088(3) 
H12 1.1194 0.725 0.458 0.088(3) 
H21 1.2678 0.7184 0.3578 0.095(3) 
H111 0.4998 0.7128 0.5948 0.041(3) 
H121 0.495 0.7108 0.699 0.043(3) 
H211 0.8719 0.6674 0.3932 0.035(3) 
H221 0.8759 0.6648 0.2893 0.038(3) 
Continued on next page… 
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Atom x y z U(iso) (Å2) 
H311 0.8478 0.6267 0.5519 0.053(3) 
H321 0.7469 0.5239 0.5578 0.054(3) 
H341 0.3466 0.5666 0.438 0.047(3) 
H351 0.4543 0.6689 0.4375 0.041(3) 
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Appendix 3 
Solid State UV-Visible Reflectance Spectra of 
Co(H2O)4[Au(CN)4]2!4H2O and Cu(H2O)4[Au(CN)4]2 upon exposure to 
VOCs 
 
A3.1 UV-Visible reflectance spectrum of Co(H2O)4[Au(CN)4]2·4H2O, 
prior to exposure of any volatile organic compound. 
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A3.2 UV-Visible reflectance spectrum of Co(H2O)4[Au(CN)4]2·4H2O, 
upon exposure of trimethyl phosphite, P(OMe)3. 
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A3.3 UV-Visible reflectance spectrum of Cu(H2O)4[Au(CN)4]2, prior to 
exposure of any volatile organic compound. 
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A3.4 UV-Visible reflectance spectrum of Cu(H2O)4[Au(CN)4]2, upon 
exposure of ammonia, NH3. 
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A3.5 UV-Visible reflectance spectrum of Cu(H2O)4[Au(CN)4]2, upon 
exposure of pyridine. 
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A3.6 UV-Visible reflectance spectrum of Cu(H2O)4[Au(CN)4]2, upon 
exposure of N,N-dimethylformamide. 
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A3.7 UV-Visible reflectance spectrum of Cu(H2O)4[Au(CN)4]2, upon 
exposure of dimethylsulfoxide. 
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A3.8 UV-Visible reflectance spectrum of Cu(H2O)4[Au(CN)4]2, upon 
exposure of 1,4-dioxane. 
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